Environmental radioactivity in Denmark in 1974 by Aarkrog, A. & Lippert, Jørgen Emil
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 19, 2017
Environmental radioactivity in Denmark in 1974
Aarkrog, Asker; Lippert, Jørgen Emil
Publication date:
1975
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Aarkrog, A., & Lippert, J. E. (1975). Environmental radioactivity in Denmark in 1974.  (Denmark.
Forskningscenter Risoe. Risoe-R; No. 323).
N Ri» Report No. 323 
i 
Danish Atomic Energy Commission 
i 
* Research Establishment Risø 
^ Environmental Radioactivity 
f> in Denmark in 1974 
w 
by A. Aarkrog and J. Lippert 
June 1975 
^M*»««rt^»A»:U'™>,B"WiAlo«k««riTC<»»«lNiOii.IUw.DK-«X101l«Ul*,O«««rt 

UDC »14.73 (Mm 
June 1975 RUø Report No. 323 
Environmental Radioactivity in Denmark in 1974 
by 
A. Aarkrog and J. Lippert 
Danish Atomic Energy Commission 
Research Establishment Risø 
Health Physics Department 
Abstract 
The present report deals with the measurement of fall-out radioac-
tivity in Denmark in 1974. Strontium-90 was determined in samples from 
all over the country of precipitation, soil, ground water, sea water, grass, 
dried milk, fresh milk, grain, bread, potatoes, vegetables, fruit, total 
diet, drinking water, and human bone. Furthermore, Sr was determined 
in local samples of air, rain water, grass, sea plants, fish, and meat. 
Caesium-137 was determined in soil, sea water, milk, grain products, 
potatoes, vegetables, fruit, total diet, fish, and meat. It was also meas-
ured by wholebody-counting of a control group at Risø. Estimates of the 
mean contents of radiostrontium and radiocaesium in the human diet in 
Denmark during 1974 are given. The Y-background was measured regu-
larly at locations around Risø, at ten of the State experimental farms, in 
one area in Zealand, one in Jutland, and along the shores of the Great Belt 
Finally the report includes routine surveys of environmental samples from 
the Risø area. 
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one standard deviation due to counting 
sum of squares of deviation: *( i -x . ) 
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variance 
mg KCl (~ 0.88 d/min) 
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residual variance 
probability fractile of the distribution in question 
coefficient of variation, relative standard deviation 
analysis of variance 
relative standard deviation 30-33% 
relative standard deviation ) 33%, such results are not 
considered significantly different from cero activity 
1. INTRODUCTION 
I . I . 
The present report i s the eighteenth of a series of periodic reports 
(cf. ref. I} dealing with measurements of radioactivity in Denmark. The 
programme is unchanged as compared with 1973. 
1.8, 
2-41 The methods of radiochemical analysis ' and the statistical treatment 
of the results * are still based on the principles established in previous 
reports1'. 
1.3. 
The report does not include detailed tables of the total p- measurements 
from the environmental control of the Risø site. These tables are available 
in the form of microcards at the library of the Danish Atomic Energy Com-
mission at Risø. 
1.4. 
The report contains no information on sample collection and analysis 
except in the cases where these procedures have been altered. 
1.5. 
In I »74 the personnel of the Environmental Control Section of the Health 
Physics Department consisted of one chemist, ten laboratory technician«, 
two sampl« collocters, and two laboratory assistants. The Section for 
Electronics Development continued to giv« assistance in the maintenance 
of the counting equipment and in the interpretation of the Y-spectra. The 
program (ef. 2) used in the calculations of Sr and the V-analysis, as well 
as the program for data treatment, were developed by tins section. 
I . I . 
The composition of the average Danish diet used in this report is iden-
tical with that proposed in 1M2 by Professor E, Hoff- Jørgensen, Ph. D, 
2. ORGANIZATION AND FACILITIES' 
Three Ge( Li)-detectors, each connected to a 1024-cbannel analyzer, 
are available. An 8 inch NaI(TL)-deiector used for whole-body measure-
ments and four detectors for alpha spectrometry are connected to a fourth 
1024-channel analyzer. 
A computer program, STATDATA 16, is available for the treatment of 
' H)m results of this report (and the results of several other projects). The 
program checks and stores the data, produces l ists , tables and plots and 
calls separate programs for analysis of variance and regression, etc. The 
principle for registering the data is the assignment of 6 parameters to each 
- result or set of multiple results. These parameters are: 
Isotope (or code for V-background, etc . ) 
,. Sampling date 
Sample type 
Sampling location 
Quality of measurement (relative standard deviation) 
Unit of results 
followed by: 
Number of results 
Results. 
To date approximately 23000 sets of results have been registered 
Covering the period from 1 »57. However, a similar number of results st i l l 
remains unregistered. 
3. ENVIRONMENTAL MONITORING AT T1S0 IN 1974 
3.». Qroas P-Activity 
3.1.1. Sea Water 
Tig. 3.1.1.1 shows the sample locations in Roskilde Fjord. Fig. 3.1.1.2 
allows the control chart for H1. The yearly mean for H I in 1974 was 53 eqv. 
Mg KCl/3-5 g (in 1973: 55), for H ID-VI: 53 eqv. mg KCl/Z. 5 g (in 1973: 55) 
and for H VH-X: 53 eqv. mg KCl/2.5 g (in 1973: 56). Fig. 3.1.1. 3 shows 
the mean levels of radioactivity in sea salt sine« 1957. 
Fig. » .1.1.1. HorfdU. rjonl. 
tq> mg KCt/ : 5a talt 
83 
r 
SO 
» 
I 
I I . - > 
Fif,'. 3 .1 .1 .2 . Contni l chart for Hl, 1974. 
cqv mg MCI/ZSg salt 
MB-X 
H I -S 
Fig. 3,1.1.3. Mean radioactivity in sea water 1957-74. 
11 
3.1.2. Soil 
No soil samples from the environment of Risø were measured for total 
p-activity in 1974. 
Fig. 3 .1.2.1, The RisB Research Establishment. 
12 
3 . 1 . 3 . Air 
Fig. 3 .1 .3 .1 shows the diagran; .or F P activity in air samples in 1 974. 
o 
The mean value for the year was 0.11 eqv. mg KCl/m as compared with 
0. 08 eqv. mg KCl/m3 in 1 973. 
Fig. 3 . 1 . 3. 2 shows the mean F P levels in a i r since 1 957. 
KCI/m' •q« mg KCWm1 
Fig. 3.1.3.1. Control chart for LF, 1974. 
•Vi mf Kl luf 
t f X It « MM • • <?» 'M'lt * » ' » ' * ' 
Fig, 3.1.3.2. Mean raiUoactlvily in air, 1857-74, 
13 
3 . 1 . 4 . Bed Soil From the Fjord 
The mean activity in bed soil B I was 1 29 eqv. mg KCl/3.0 g ash in 
1 974 as compared with 1 60 eqv. mg KCl/3. 0 g in 1 973. Fig. 3 .1 .4 .1 shows 
the mean levels for B 1 since 1 957 (cf. also 3 .4 ) . 
300 
xo 
Xtt 
m 
«X) 
to 
" " " " » » / j f l , ash 
lyi 
I 
| 
v»muiinu§,aBt?m n»n » »» 
Fig, 3.1.4.1. Mean radioactivity in bed soil, 1937-74. 
3 . 1 . 5 . Fish 
No fish samples from Roskilde Fjord were measured for total B-activity 
in 1974. 
3 . 1 . 6 . Grass 
The mean values were in 1 974 for PG I: 11 eqv. mg KC1/0.1 g grass 
ash (in 1973: 7 ), tor PG H-HI: 11 eqv. mg KCl/0.1 g (in 1973: 4) and for 
PG IV-V: 13 eqv. mg KC1/0. 
mean activities in grass ash 
1 g (in 1973: 14). 
since 1 957. 
Fig. 3 .1 ,6 .1 shows the 
14 
• » " » i c e i i - t . 
- »fin 
9 ra »v 
» t 
* ' i 
I'ic. 3.1.C. I. Mean FP-radioactivitj in grass ash. 1U57-74. 
3.1 • 7. Sea Plants 
The mean FP level in 1 974 in Fucus vesicolosua (PH I) was 4 eqv. mg 
KCl/0.1 g ash (1 2 in 1 973). In Zostera marina (PH Ill-DC) we found 5 eqv. 
mg KC1/0.1 g ash in I 974 (2 in 1 973). 
3 .1 .8 . Fresh Water 
Fig. 3 .1 .8 .1 shows the control chart for S (cf. fig. 3 . 1 . 2. 2). The 
yearly means for D 1, D II, D IV, and S in 1974 were 40 eqv. mg KCl/1 
(1973: 49), 19 eqv. mg KCl/1 (1973: 14), 43 eqv. mg KCl/1 (1973: 38), and 
31 eqv. mg KCl/1 (1 973: 31) respectively. Fig. 3 . 1 . 8 . 2 shows the activity 
in drainage water (D) and sewage water (S). 
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 i ' F mi m ) } t, t Q n B 
Fig . 3 . t . 6 . 1 . Control chart for sewage water (S), 1 974. 
lUUJimi HI In IH II 
58 59 60 61 62 63 64 65 66 67 68 69 70 7t 72 73 % 
Fig . 3 . 1 . 8 . 2 . Mean radioactivity in freøh water, 1958-74. 
3.1.9. Rain Water 
Figs. 3.1.9.1 and 3.1.9.2 show the specific FP level in and the total 
fall-out from rain water collected daily at Risø in 1974. The total fall-out 
in 1974 was measured at 0,028 • 10 eqv. mg KCl/m , and the annual meai 
In 1973 the cor concentration in rain water at Risø was 49 eqv. mg KC1/1. 
responding figures were 0.017 • 10 and 87 respectively. 
Fig, 3,1.9.3 shows the specific activity in rain water since 1957, 
16 
7 i V i M I » I « T™ T J ™ " " i ™ i II 
Fig. 3.1. 9. 2. Total foil-out from precipitation in 1974. 
I 
(•'ill. 3.1.3.3. Specific acuvil> in precipi«*ti'«i, 1 "JiT-74. 
3.2. Radiochemical p-Ana lysis 
3 . 2 . 1 . Air 
The "big air sampler" described in Risø Report No. 23 ' has a shunt 
through which the air volume is determined. As in the three previous years, 
bvrtn the shunt filter (I) and aliquots cut out from the main filter (II) were 
analysed to see whether activity levels were identical in the two filters. As 
I/H • 1.05 - 0.17 (1 SE), we still concluded that the two filters showed the 
same levels. The mean air activity level for 1974 is reported as the mean 
of the glass-fibre filter collection and the daily paper filter sampling: 
1.43 t 0.12 pCi 9 0 S r / 1 0 3 m 3 , i . e . 3, 7 times the 1973 level. The mean 
peak activity oi the three collections in 1 974 was measured in May to be 
3 . 6 p C l 9 0 S r / 1 0 3 m 3 . 
an 
Fig. 3 ,2 .1 .1 shows the Sr levels in air since 1957. 
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Flg. 3.2.1.1. Quarterly **Sr Itvate u> «ir, I »7-14. 
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3 . 1 . 2 . Gras s 
Table 3 . 2 . 2 shows the 
90 c 
90 c Sr content in g r a s s ash fror.i Zealand in 1 974. 
90 The mean " Sr activity was 2. 8 pCi Sr /g ash or 47 S. L. as compared 
with 2.1 pCi/g ash o r 34 S. U. in t 973, i . e . the 1 974 level was approx. 35«i 
90 higher than the 1 973 level. Fig. 3 . 2. 2.1 shows the Sr levels in g r a s s 
since 1 957. 
.-.;. r . - ' . - • • 
•*~dr. 
- i ' r V - i 
-" 
" ;* -.'?,'•-. 
pCi " S f / j a m 
•i ti n « m m •» w M n * 72 
Fij. 3 .2 .2.1. Quarterly ™Sr levtl« in grå« aah, 19S7-74. 
?0 
3 .2 . 3. Sea Plants 
Fig. 3 . 2 . 3 shows the S. U. levels in sea plaats s ince 1 959 and table 
3 . 2 . 3 the results for 1974. The level in Fucus vesicolosus was I 9 pCi 
90 90 
Sr/g Ca, and in Zostera marina 2 pCi Sr/g Ca. 
' pC> 90Sf »gCa 
M ^ Q Zo*t«ra marina 
0 Fucus ves^cotosis 
20^ 
Si 
UlJl 
! : ilk 
1959 I960 1961 1962 1963 964 1965 1966 1967 801 1969 1970 »71 »72 1973 1*74 
Fig. 3 . 2 , 3 . S t ron t ium-90 in sea plant« from Roakifcte F jo rd , 1959-74. 
Tablg 3 . 2 . 3 
S t r o n t i u m - S j in sea p l a n t s from R o s k i l d e FjoivJ i n 197t. 
J u n e 
J u n e 
J u n e 
Nov. 
Nov. 
l o c a t i o n 
p " I I I 
ps-. :i. 
pH I 
pH I 
f>H IX 
S p e c i e s 
Z o s t e r « n a r i n a 
"/ .oetera s t a r i n a 
Fucus v e s i e o l o s u s 
Fucus v e s i c o l o a u s 
Z o s t e r a n a r i n a 
pCi , 0 S r / « Ca 
1.97 
J 7 . 6 
J . S 
1 .93 
pCi 9 , S r / » a s h 
0 .12 
1.37 
1.06 
n,«: 
« Sp/J Ca 
5.G 
5.0 
35 
37.3 
6.3 
21 
Tror.twr.-IO in rair. water " o : : e - * e : ir. r-i:;. >': 
,it *:-j.: ir, 197* ( æ v i a g j r « ! ^ .J - ' . r: ) 
M.,-Mh 
Apr.-June 
l-s-u 
r.iTi 
ns 
S S 5 
p-i ">- r / : 
".^3 
: . i -
nCi " s r . ' k r * 
--'.*,'-: 
7 pci/l = r »a/kn,2-;, ' 
3 . 2 . 4 . RainWater 
Table 3 .2 .4 .1 shows the quarterly radiostrontium level in rain water 
Qn 
collected at Risø in 1974. The total Sr fall-out in 1 974 was 0.65 mCi 
90 2 
Sr/km (555 mm precipitation), and the mean concentration in the rain 
water was 1.17 pCi ^ S r / l . In 1973 we measured 0.10 mCi ^ S r / k m 2 
90 90 
(551 mm precipitation) and 0.18 pCi Sr/1, i . e . the 1974 Sr levels were 
6.5 times the 1973 figures. 
90 Fig. 3 .2 .4 .1 shows the Sr levels in rain water since 1 959. 
At five sampling locations (1 -5) in zone I (cf. fig. 3 . 1 . 2 . 1 ) ion-exchange 
columns were used to collect monthly samples of precipitation together with 
the bottle collectors. These columns have been described earlier (Risp 
Report No. 41' ' ) and ?"•" similar to those used in the V. S. A. by HASL4'. 
Our intention was to compare the efficiency of the ion-exchange columns to 
collect fall-out with that of the rain bottles. Table 3 . 2 . 4 . 2 shows the results. 
90 The total amount of Sr fall-out in 1974 measured by the 2 systems was: 
0 .65 and 0.43 roCi ^ S r / k m 2 respectively. 
Figures 3 . 2 . 4 . 2 and 3 . 2 . 4 . 3 show comparisons between the different 
90 
sampling systems for Sr in precipitation. It appears that the specific 
90 
activity in pCi Sr/1 i s not systematically different for the 3 sampling 
systems. We may further conclude that the rain bottles and the ion-exchange 
collectors at Risø show no significant difference as regards efficiency of 
90 
collecting Sr from precipitation. 
22 
69 70 71 72 73 74 
Fig. 3.2.4,1. Quarterly Sr level« in precipitation, 1959-74. 
Table 3 . ? . t . ? 
Strontiurn-90 in rain water collected in ion-exchange 
olumn col lec tors at Risø in 197t (sampling are* El.325 n ) 
Month 
Jan. - Mar. 
Apr. - June 
July - Sep. 
Oct. - Dec. 
197H 
raft 
9? 
51 
178 
198 
I 119 
pCi ""sr/1 
n.ni 
2.41 
0.57 
0.82 
X 0.83 
mCi ,nSr/knJ 
0,047 
0.123 
0.101 
0.16! 
I 0.433 
23 
- • ton-tachang* column : R<so 
- • rainbottlt RiM 
- * ranbotlle - Stat* txp Farms 14.11 
K ' I I U « « IT'N'M 7T7I 72 73 W 
Fig. 3. 2.4, 2. Strontium-90 fall-out measured by 3 different sampling 
systems 1962-74. 
t o o o " * * 1 " 
—* ioft-*Kchano4 column : R I M 
•-• raintottl* : Rit« 
- t rainMtt* : Stole no. FamwUH 
M ' M ' M H ' M »7 WH'70 7172 7> * 
90 Fig. 3.2.4.3, Th* ipeeific Sr activity in precipitation collected by 
3 different •omplinf evoteme 1982-74, 
24 
3 . 2 . 5 . Milk from a Farm near Risø 
1 37 
Table 3 .2 .5 shows the radiostrontium and Cs contents in milk col-
lected in I 974 from a farm near Risø. The mean level was 2.2 S.U. as 
90 
compared with 2 . 3 S . U . in 1973. Figure 3 . 2 . S shov/s the Sr levels in 
"Risø" milk since 1 959. The caesium-137 mean level was 2.8 pCi/i as 
against 2. 9 pCi/1 in I 973. 
Strontlurc- arv1 CaesiiiR-i"*'' in milV fron Pisø 
Month 
J an. - ?!ar. 
Apr . - J u n f 
J u l y - S e p . 
Oc t . - Dec. 
197U 
pCI ' 1 0 ^ / R Ca 
2.3G 
?. Pf 
: : . 2 i 
pCi 1 3 Ca/g K 
l."»? A 
I . l ? A 
1.19 A 
1.70 
pCi U 7 C s / I 
? .3T A 
1.3? A 
1.35 A 
2 . 8 * 
The mi lk was c o l l e c t e d from t h e m i l k - p r o d u c i n g fa r t s 
n e a r e s t t o Risø 
Fig. 3.2. 9. Quarterly ""»r l .v . l . in 
19S«. 
HI IM iw M nn in m m 
millt from UM ft*** balabbournooil 
•7<. 
25 
3 . 3 . Y-Spectroscopy of Air Samples 
As in 1962-1973, samples of air were collected twice a week by means 
of the air sampler described in Risø Report No. 23 '. The filters were 
3 81 
measured on a 30 cm Ge(Li) detector '. Table 3 .3 .1 shows the monthly 137 
means of the Cs determinations. The peak value was observed in May 90 (cf. also Sr in air, table 3 .2 .1 ) . The mean level in 1974 was 4 . 2 times 
137 90 higher than the 1973 mean. The Cs / Sr ratio in air filters was 1.4 in 
1 974 as compared with 1.2 in 1973. 
Figures 3 . 3 . 2 - 3 .3 .4 show some fission product ratios in ground level 
air compared with the theoretical decay curves calculated from the data in 
HASL-300 ', and assuming that all the activity was created by the Chinese 
test explosion of June 27, 1 973 (No. XV). The figures show that the ob-
served ratios in general fall a little below the theoretical curves. From 
137 137 
fig. 3 . 3 . 3 we estimate the amount of old Cs, i . e. Cs created before 137 June 27, 1973, to be approx. 15% of the total amount of Cs present in 
surface air in the first half of 1974. 
Caesiun-137 in glar,s-fihre a i r f i l t e r s 
twice a week at Risø in 197U 
t tonth 
J a n . 
" e h . 
Mar. 
A p r . 
flay 
J u h c 
J u l y 
Aufj. 
Sep. 
O c t . 
Nov. 
Dec. 
1974 
pci I 3 7 r s / i o V 
0 . 6 0 * 0 . 0 8 
1 . 1 1 * 0 . 1 5 
7 . 3 3 * 0 . 1 7 
3 . 6 2 i 0 . 4 8 
5 . 0 4 + 0 . 5 0 
>». T2 + 0.UU 
2 , 3 2 + 0 . 4 4 
1 . 6 6 + 0 . 1 1 
1 . 0 1 * 0 , 0 « 
fir 51* 0 .07 
O.U4+Q.07 
0 . 5 2 * 0 . 0 4 
l.flfi 
The error term i s the S,E, of the mear. of the 
ac t iv i ty found in 8 or 9 f i l t e r s co l l ec ted 
during a month. 
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ratio« in ground level air al Rie* P »73-74. 
?• 4. Y-Spectroscopy of Bed Soil Sample« from Roskilde gjord 
North of the outlet from the Waste Treatment Station (Of. 3.1.2.1), bed 
foil samples have been collected with a van Veen sampler since 1972. Altqaots 
erf appro«. 2 kg were analysed by 0«(V) spectrometry. Table 3.4.1 shows the 
ramilts which are »qua! to those i s 1 972 and f 913. 
Caesium-137 in bed s o i l co l lec ted 1A 
Roskilde Fjord in i97». <V«n Veen s a n d e r ) 
17/« 
July 
11/9 
29/10 
Kaantl S.E. 
pCi l " c » JCi/k» 
fit 
261 
It* 
**» 
I7»i«l 
4. RADIOSTRONTIUM AMD RADIOCAESIUM IN PRECIPITATION, 
SOIL, AMD GROUND WATER IN DENMARK IN 1974 
4.1. Stroottum-90 In Precipitation 
Sample« of rain water were collected in 1974 frma the ten State exper-
imental farms (cf. fig. 4 .1 .1) ia accordance with the principles laid down 
in Ria* Report No. S3, p. 51". 
Table 4. I.I shows die results of the "°Sr determinations and tables 
4.1.2 and 4.1.3 the analysis of variance of the results. The variation wim 
time was highly significant (P ) 99.95%). The maximum fall-out occurred 
in May-June, when the mean content in precipitation was 4.33 pCi Sr/1 
(cf. also the air measurements in 3. 2.1) and the mean fall-out rate was 
0.230 mCi MSr/km2 . Tables 4.1.2 and 4.1.3 show that the variation be-
an 2 
tweea locations was significant only in the case of mCi Sr/km . The 
90 2 
mean levels for tan State experimental farms were 0.71 mCi Sr/km and 
0. W pCi Sr/L In Appendix A the country mean level (area-weighted) is 
an 2 
estimated tc be 0.71 mCi Sr/km for a mean precipitation amount of 
72S nun (area-weighted), i. e. 3.7 times the fall-out in 1973. 
A comparison between the amounts of precipitation found in the rain 
gauges used by the Danish Meteorological Institute ' and the amounts col-
lected in our rain bottles at the same locations in 1974 showed a mean ratio 
of 1.06 t 0.02 (1 SE) between the two sampling systems. 
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Table t ,1 .2 
Analysis of variance of in pCi ' Sr/1 precipitation in 197* 
(froa table 4 .1 .1) 
Variation 
Bet*, locations 
Bet«, months 
RafttiiKter 
sso 
0.520 
53. US 
2.195 
f 
10 
5 
,' 
0.05* 
10.7*3 
•9 0.059 
»
J 
0.18 
111.12 
P 
-
>99.9S» 
Table » a . 3 
Analysis of variance of In JaCi Sr/kra precipitation in 197ft 
(from table ».1.1) 
Variation 
Bet«, locations 
Bat«, months 
Kaaalnacr 
SSD 
2. »16 
22.019 
2.929 
1 
10 
5 
»9 
.* 
0.2*2 
».»It 
0.059 
J 
».19 
76.50 
P 
> 99.95% 
> 99.95* 
SJH 
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4.3. Stroottiim-»»andCaasiiim-l37inSoil 
Aa in previoue years, »oil was collected with a view to estimating the 
accumulated fall-out. The sample« sere collected in September from un-
cultivated areas all over the country (cf. fig. 4.1.1), down to a depth of 
50 cm. 
Tables 4.2.1 and 4.2.2 show the Sr results. The mean values of the 
State experimental farms were 58 mCi 
From precipitation date " ' . the accumulated fall-out in Danmark in 
1974 was calculated to be S3 mCi/kra2, i .e . nearly equal to the level found 
ill table 4 .2 .1 , considering that two low fall-eat station« (VIR and AU) arc 
missing In the mean. 
The determination of , 1 T Cs U shown in tables 4.2.3 and 4.2.4. Tin 
137 2 
mean values of the State experimental farms were 14 mCi Cs/km . 
Table 4.2.5 filial^ shows the 1 3 TCs/MSr ratios » t h e samples. The 
mean ratio was 1.7,1. e. lower than observed earlier, but still graater than 
the theoretical ratio of 1.45**. The reason for the lower rati« this year 
may be da* to the increased sampling depth, which essentially includes all 
the deposited "fer. 
1 M t t 1,i M i 
atraeitlwM in »oil »Hooted at the »tete'e«eeri»eltt»I t*T«i* ' " fl*tfr««!wr IK« 
<»•( ! ) M l ) 
Tvl«tTVp* 
mCi 9 0 S r / k » 7 
pCi 3 0 Sr/ht 
"new plo* 
co l l ec t ed in 
&7 
73 
i j y ( 0 - 3 0 t-'V 
StU»l»-
68 
B9 
) no t i n 
.-* I'i"i 
UF, 
Uutlarj 
A-\* ' v 
Hi 
<>, J v n -
70 
71 
n tii«* snenn. 
• • c > lj»r. r 1 " ' V S T O T T * At>i-' 
7« 
7 5 
,\k 1 rkcVv 
M 
" « • 
" 
Table ', .'.'.1 
Caeaiun-137 in »oil c o l l e c t s ! a t tli<> s^ifp oxprn-invnta! f, 
(0-50 CBl 
ire* ir, September 197* 
,»Ci " ' C s / k » < 
g K/kg 
Tyletrun 
109 
13« 
11.S 
Stud*-
geerd 
l i t 
7.0 
Ødum 
131 
l&.b 
Askov 
105 
131 
13,7 
St , Jyn-
devad 
113 
116 
1.2 
Plang-
Btertgard 
114 
IS ,3 
9« 
16.5 
121 
13.8 
Åkirkeby 
206* 
17, S* 
17? 
12 ,9 
"New p l o t . 
^Col lec ted in-Hey to- ja_c«l ,_ not_in_cluded _in_the mean. 
Table u .2 .2 
Strentiuei-90 in ao i l c o l l e c t e d from the surroumlinfis of Roskilde in ^eptamher l i l t 
•Ci , 0 S r / k e ' 
eCi *°SWkg 
Bolund 
63 
90 
Ledreborg 
(Roskilde 
F*lled> 
51 
Skyde banen 
5» 
71* 
Mean 
56 
77 
SD 
6 
11 
SK 
U 
7 
35 
C<*esiwl37 in so i l collect«*! fro* t**» surrcimairgs of i*3$vii<.*> in S*pt*>wb*r 197* 
.Q-S3 cm) 
-ri »"c*/).* 
PCS » " e s / k « 
* K'tt 
tolunrl 
75 
m 
1 6 . S 
Le ir« b o r g 
( F o s ' - i 14« 
" a l l « ! ) 
%* 
113 
I B . 2 
i V y - i e r * - - r. 
•)3 
13 7 
'.e-in 
85 
125 
1 7 . 7 
SD 
7 
11 
1 
SF 
k 
C 
0 . 6 
(fros -a&Ies U .2 . : «mi '• .2.3) 
ri strap StB<Jsf5iM r - t é ^ ' r d rystofte 
<fron téfrles «t.2.? and u .2 .a ) 
9 a l w u i 
1 . 2 5 
Ledreborg 
( i l o s k i l d e 
r a l l e d ) 
1 .55 
S k y d e b a n e n 
1 .7J 
'***rt 
! . 5 » 
sn 
0 . 7 5 
sr 
C I F . 
mCi *%t/Kir^ 
•^TTtrf^i 
W'WWM'H'fc 'H'åi'to'H'Wtf éi'ié'fr'ft' WW* • 
ri«. 4.9. A comaarieea M m a * maaaara* maki In »oli collected In 
varioaa depth« & I I. E,) and cekelated (DM n m ) »ewnini an iHaclive 
l a f 1 7 . 7 ; . 
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4.3. Strontium-90 in Ground Water 
As in previous years, ground water was collected in March from the 
nine locations selected by the Geological Survey of Denmark. 
Figure 4.3. t shows the sample locations and table 4.3. t the results of 
90 the Sr analyses (cf. also 5.8.4). 90 The median level of Sr in 1974 was equal to that found in 1 973. Figure 
4.3. 2 shows the median levels in Danish ground water since t 961. 
Table n.3.1 
Stront ium-90 in ground water collected in March 117u 
H v i d s t e n 
F e l d b a k 
Rømø 
Rønne 
Has s e l ø 
F å r e t o f t e 
Ka lundborg 
R a v n h o l t 
F r e d e r i c i a 
Mean 
Median 
pCi 9 0 S r / x 
0 .002 
1.65 
0 .007 A 
0 .002 B 
o.ooe A 
0 .003 B 
0.0314 
0 . 0 1 3 A 
0 .006 
0 . 1 9 1 
O.OOE 
g C a / 1 
0 . 0 5 5 
0 . 0 2 5 
0 . 0 3 a 
0 . 0 2 1 
0 .126 
0 . 1 " 3 
0 .097 
0 .139 
0 .072 
0 . 0 7 9 
0 .072 
mg S r / g Ca 
2 . 0 
0 . 1 
2 .5 
1.0 
2 . 0 
1.0 
0 .5 
0 . 5 
l . f 
1.2 
1.0 
I o n - e x c h a n g e d w a t e r 0 . 0 1 1 pCi S r / 1 
pCI M Sr / l 
. • » o 
' • Ol 0 
61 ' 82' 63' U ' 65 66 67' 68 ' 69 ' 70 71 72 ' 73 74 
Fil. 4.J.2. M«Uan9 0Srltv.li in Dunl.h water., 1961-74. 
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. 90, Due to the high levels of Sr in ground water from Feldbak (cf. fig. 
4.3.3). we repeated the sampling in October I 974. The level in this sample 
90 
was 1.35 pCi Sr/l, i. e. a little lower than in the March sample. 
- s — h -ii s e H e « n il s n TI n 71 n 
Fig. 4.3.3. Strontium-90 in ground water at FeWbak 1 961 -74. 
S. RADIOSTRONTIUM AMD RADIOCAESIUM IN DANISH FOOD IN 1974 
5.1. Strontium-90 .and Caesium-137 in Dried Milk from the Entire Country 
As in the previous years, monthly samples of dried milk were collected 
90 from seven locations in Denmark (cf. fig, 5,1.1) and analysed for Sr and 
m C . . 
90 
Table 5.1.1 shows the results of the Sr determinations and table 
5.1.2 the analysis of variance of the results. As in 1 972 and 1973, but 
contrary to previous years, the variation between months was significant 
for S. V.; the levels in November were higher than the mean levels. The 
S. U. mean level in 1974 was 4.5 pCi Sr/g Ca or approx, equal to the 
1873 mean. 
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- « " i « 5 - 1 - 1 
Stront iu i r . -9C ( p C i / g Ca) ir . D a n i s h <-Jrie<3 fillV irs 197U 
•tor.th 
J d n . 
f t * b . 
M d r . 
A p r . 
May 
June 
J u l y 
Aug. 
S e p . 
O c t . 
Nov. 
Dec. 
He*n 
H j ø r r i n g 
j.f. 
*.» 
1 . 1 
».: 
5.P 
U.S 
5 . 1 
1 .9 
3 . 0 
&.1 
6 . 0 
5 .3 
5 . 0 
n r h ^ a 
! . < ; • 
« . . ' 
5 . 1 
3 . ^ 
6 . 0 
4 . 7 
5 . ? 
5 . 1 
5 . 3 
6 . 3 
1 . 4 
• • . 8 
V X iR b*)r 
' . .» 
s.«-
4 . 0 
5 . 4 
5.? 
6 .0 
5 .1 
4 . 7 
' . 5 
6 .8 
6 . 1 
Double d e t e r m i n a t i o n 
As 1 l i t r e of m i l k c o n t a i n s 1.2 
p r o d u c e d i n 197M was 5,4 p C i / 1 . 
A b e n r i 
5 .1 
5 . 1 . 
5.< 
« . f 
U . 7 
•i.t* 
6 .« 
6 . 3 
5 . 3 
6 . 0 
9 . ? 
C S . H ) 
6 . 1 
g Ca, t h 
Odense 
3 . " 
3 . " 
U . 4 
3 . "' 
1.1 
? . 5 
^ . 2 
3.fi 
1.") 
4 . 2 
t . l 
x.O 
3 .8 
9 
e mean 
P i n g s - e l 
?.•> 
• » . : 
i . e 
? . : 
l . O O . ? " 
3.ft 
1 . " 
3 . • 
? . • * 
3 . ? 
3 . ? 
3 . 7 
3 . 3 
° S r c o n f e r 
La" ' .ir: d - Fa 1S 7i <> r 
r . T 
? . • » 
/ . 1 
7.1 
2.« 
? . 5 
3 . ? 
3 .7 
3.T 
?. 7 
t i n D a n i s h m i l k 
"fean 
1 . 3 
4 . 1 
u . 1 
4 . 4 
4 . . ' 
4 . 2 
4 . 7 
4 . 5 
4 . ? 
4 . 8 
5 ,8 
4 . 8 
» . 5 
Table 5.1.? 
Analysis of variance of In pCi 90Sr/g Ca in dried milk in 137u 
(from table 5.1.1) 
V a r i a t i o n 
Betw. l o c a t i o n s 
Berw. months 
Remainder 
SSD 
7 . 0 8 1 
0 .802 
1 .333 
f 
6 
11 
55 
s 2 
1.181 
0 . 0 7 3 
0 . 0 2 1 
V7 
5 7 . 5 7 
3.56 
P 
> 9 3 . 9 5 ^ 
>99 .9? 
As previously, milk from eastern Denmark showed significantly lower 
levels than that from Jutland. 
1 37 Table 5.1,3 shows the results of the Cs determinations and table 
5,1.4 the analysis of variance of the results. The M. V. mean level in 
1974 was 4.4 pCi 1 3 7Cs/g K or 22% higher than the 1973 level. 
Figures 5.1.2 and 5.1.3 show the quarterly S. U. and M. U. values since 
October-December 1959 (cf. also Appendix C). 
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Tabic 5 .1 .3 . 
~aesium-l?7 nCi/g K in Danish dried Rilk in 197% 
Honth 
J a n . 
Ttt. 
Mar . 
A p r . 
« a y 
J u n e 
J u l y 
Aug. 
S e p . 
O c t . 
Nov. 
Dec. 
Kean 
» e r r i n g 
?.'. 
: . - ? 
: > . -
-.: 
j . 3 A 
"".'-
1 1 . b 
9.<* 
8.2 
( . 6 
5.0 
4 . 9 
5.9 
ArV^s 
:.,-. 
Videbæk 
:. 
r 
t 
-
5 
1 
9 
7 
6 
6 
6 
6 
7 
f 
I 
? 
-
« 
-
* 
e 
i 
Aber.rS 
: . ) A 
J.1* 
3 . * 
}.D 
9 . 9 
9 . } 
fi.ft 
7 . 1 
fi.8 
(5 . f ) ) 
6 .0 
As 1 l i t r e of m i l k c o n t a i n s a p p r o x . 1.66 
» i l k i n 1974 was e s t i m a t e d a t 7.3C p O i / 1 
"Double d e t e r m i n a t i o n 
Ofl-rise 
". . 5 
:.: 
3.1 
; . : A 
i . $ 
3.5 
6 .8 
S.4 
4 , ? 
1.5 
1.1 B 
2 . 5 
3.4 
fc infes ted 
: . ? 
O.P :1 
I . a A 
1.« 
. ' . 6 - 0 . 6 * 
« . I 
3 .9 A 
4 . 6 
J . 7 
7 . 1 
; . 6 
1'.? A 
7.5 
137 g K, t h e r-ean 
• 
L o l l a n d — r a l s t e . 
1*1 
1 .3 A 
7 . 9 
0 . 1 • 
1.7 
2 . 0 A 
3 . * 
3 . 7 
2 . • 
7 . 5 
7 . 7 
3 . 3 
1 . 7 A 
7 .« 
• t ea . 
Cs c o n t e n t i n Danish 
( f rom tahl*> 5 . 1 . 3 ) 
V a r i a t I o n 
Betw. l o c a t i o n s 
Btitvr. months 
Remainder 
SSD 
13 .434 
1 0 . 6 4 1 
7 .584 
f 
6 
11 
65 
.« 
7 . 7 3 5 
0 .567 
0 . 1 1 ' 
VJ 
1 1 . 1 1 
8 .79 
-
P 
» 9 9 . « * 
» 9 9 . 9 5 * 
-
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Fig. 5.1. J. Quarterly ' 3,C» level, in dried mill, 1939-74. 
5.2. Strontium-90 and Caesium-137 in Fresh Milk from the Entire Country 
The samples of fresh milk were collected in the eight zone* and in 
Copenhagen (cf. fig. 5 .2 .1 ) in connection with the total-diet collection 
(cf. 5.7). 
Table 5. 2.1 shows the results of the determinations of radiostrontlum 
137 
and Cs in consumer milk. 
SO 137 
The production-weighted means for Sr and Cs in Danish consumer 
fin 
milk in 1 974 collected in June and December were 4 .2 S. U, (~5 pCl Sr/1) 
and 3.8 M. U. or 6.3 pCi ' 3 7 C s / l respectively. 
As observed previously (except in 1973),the fresh milk showed lower 
levels than the corresponding dried milk. 
T a h l e 5 . 3 , \ 
S t r o n t iura-90 nn<i fNwsium-137 in frcrsh n i l * ' in I T J M 
Zon« 
I : N - J u t U n d 
I I : E-Jut U n d 
I I I : W-Jut land 
IV: S - J u t l * n d 
V; Funen 
VI: Z e * U n d 
V I I : L o l l a n d - f a l s t e r 
V I I I : Bornholm 
Mean 
Copenhagen 
P o p u l a t i o n - w e i g h t e d 
Product i o n - w e ightetf 
m a n 
June 
pCi 9 0 S r / f l Ca 
3 . G 
" . l 
5..1 
3 . 0 
2 . 6 A 
?.f> A 
3 . 1 
3 . 7 
3 . 0 
3;fi 
t . l 
p C i 1 3 7 C c / i K 
3 . 9 
l . f A 
1 , 1 1 
? . 0 A 
3 . 1 
1 . 7 
t . ? 
- . 3 
pr: »V,; / i 
'*.
 7 
l . t . 
3 . U 
1.5 
..'. 7 
J* . ' . 
7 , 0 
: ^ o e n ! > f > r 
• 1 ( 1 
4 . 6 
• 1 , n 
.'. ' 
* . • ' 
'*. ^  
„ri "V, , , , , > 
f, 1 
• ; . i 
7 , 7 
? . a 
:-.•=* 
3 . ' < 
„-; " V , . -
7 , '" 
4 . , 
* , !"! 
« , S. 
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Fig, 5.2.1. Sampl« locations for fresh milk, brtftd and total diet In f »73 
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5. 3. Strontium-90 and Caesium-137 in Grain from the Entire Country 
As in previous years, grain samples were obtained from ten State ex-
perimental farms (cf. fig. 4 .1 .1 ) . Virumgård was replaced by Ledreborg 
in 1 969. Strontium-90 was determined as previously (Risø Report No. 63 ). 
and Cs was measured 
detector. 
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pf ' . i ' 5 r / k g 
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-
1 7 
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Tahle S.1.2 
Analysis of variance of In S.'f. in grain in 197s* 
(fron tab le S-,1.1; 
V a r i a t i o n 
Bet** , s p e c l e g 
B e t w . l o c a t i o n s 
S p e c * x l o c . 
R e m a i n d e r 
SSD 
1 . 9 7 2 
9 . 2 8 2 
2 . 9 7 1 
0 . 8 9 1 
f 
3 
9 
2 1 
7 
.* 
O . B 5 7 
1 . 0 3 1 
0 . 1 2 M 
0 . 1 2 7 
v ' 
S . 3 1 
8 . 3 3 
0 . 9 7 2 
P 
> 9 9 * 
> 9 9 . 9 f ^ 
-
90 
Table 5. 3. t shows the measurements of Sr in grain in 1974. Ac-
cording to Appendix B, approx. 2/3 of all rye in Denmark is grown in Jut-
land and 1 /3 in the eastern part of the country. As regards wheat, 4/5 is 
produced In eastern Denmark and 1 /5 in Jutland. In the calculation of the 
means In tables 5,3,1 and 5.3.4, Jutland is represented by four rye figures 
46 
* - i . . : .-S: i * V V 
per.:-'-- 3.f-'*r: .) I J..'!:- . . T v 
TaM< 
C^s ian - ' - ! ? i r I 
Tyl»trup 
Studsgård 
ØdUK 
Askov 
St. (Jyndevad 
Blasgstedgir«: 
Tyrtøfte 
Ledreborg 
Abed 
Åkirkeby 
H: winter variety, s: spring variety. 
Tahli? 5. 3.S 
iance of If. pCi Cs/g K in grain in 197H 
(from tahle 5.3."t) 
Variation 
Betw. species 
Betw. locations 
Species x loc> 
Remainder 
SSD 
0.535 
2.705 
1.257 
0.173 
{ 
3 
9 
2» 
7 
s ! 
0.178 
0.301 
0.052 
0.025 
v ? 
3.U0 
5.7« 
2.11 
P 
>8S» 
>99.95t 
-
4T 
(fror - * • > ' . ' .> . ) 
Variaricr. 
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Setw. Zorsttlans 
jppcies x i'i';. 
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£ '-::.-
;.?=** 
;.:-
'. *:';: 
? . . * " •* 
s 
i 
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?* 
? 
< • 
0.2s; 
0.3V. 
r.C! 
r.s^s 
- * 5 
?."-> 
' . . ' U 
r 
- > 3 i 
> « . m 
-
and eight wheat figures, while eastern Denmark contributes nine wheat 
figures and three rye figures. Thus the means in tables 5.3.1 - 5. 3.4 for 
wheat are higher than the production-weighted means for the country, while 
the rye means are perhaps too low. Table 5 .3 .2 gives the analysis of 
90 
variance of the S. li. figures and table 5 .3 .3 that of the pCi Sr/kg grain 
figures. 
Table 5. 3. 2 shows that the variations in S. li. between species and 
locations were significant. Rye showed the highest S. U. levels and oats 
90 the lowest. The pCi Sr/kg figures did not show any significant difference 
between species. 
As in previous years , the variation with location was highly significant; 
the mean pCi Sr/kg level for grain from Jutland was 1.8 times that in 
eastern Denmark. 
Table 5 .3 .4 shows the measurements of Cs in grain in ( 974, table 
5 .3 .5 the analysis of variance of the M. li. ligures and table 5 .3 .0 the 
137 i_ 137 
analysis of variance of the pCi Cs/kg grain figures. The Cs levels 
in grain from 1974 were 1.5 times the levels in 1 372. The ratio between 
fall-out in May- August in 1974 and 1972 was 1. 65. We did not use 1973 for 
our comparison because the levels in this year were so low that the accuracy 
of the determinations prohibited a comparison (cf. Risø Report No. 
3051 K 
Comparing the S. V. levels in grain from the harvest of 1974 with the 
levels from 19731', we find that the 1974 figures are 1.40 times the 1973 
levels . 
In Appendix C i s shown a comparison between observed and predicted 
^ S r and ' S 7 C s levels in 1974, 
Table S. 3,7 shows the stable strontium content in grain in relation to 
the calcium content, and table 5 .3 ,8 i s an analysis of variance of the figures. 
As previously ', wheat contained more stable strontium per g Ca than the 
other species, and the stations in Jutland generally showed higher figures 
than the eastern locations. 
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SSD 
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5.4. StrontJum-90 and Caesiuin-137 in Bread from the Entire Country 
In 1974, samples of white bread (75% extraction) and dark rye bread 
(100% extraction) were collected all over the country in June, and Sr and 
137 137 
Cs were determined. The Cs determinations were carried out on 
the ash by Ge Y-spectroaeopy, 
Tables 5.4.1 and 5.4.2 show the results. It is assumed that 1 kg flour 
yields approx. 1,35 kg bread ' and that wheat flour of 75% extraction con-
tains 20% of the *°Sr and 50% of the 1 3 7Cs found in wheat grain'*, while rye 
flour is 100% extraction. Hence we ran compare the 1074 bread levels with 
the 1 »73 grain levels (cf. table 5.4.3). 
Table 5.4.3 shows that the MSr and ' 3TCs levels in bread were higher 
than those in grain according to the above-mentioned model. 
4* 
Strot.tIua.-9Q in Danish bread in J-jne 1S7«. 
Zone 
I : K - J u t l a n d 
I I : E - J u t l a n d 
I I I : ' ( ( - Ju t l and 
IV; S - J u ~ i a n d 
v : futien 
V I : Z e a l a n d 
V I I : L o l l a n d - F i l s t e r 
V I I I : Bornholm 
Mean 
Copenhagen 
P o p u l a t i o n - w e i g h t e d 
mean 
White »tread 
pCi /Vg 
5 . 0 
5.6 
u , ^ 
5 .7 
5.:> 
s.*r. 
J . 6 
2 . J 
? . * 
2 . * 
7.7 
3.8 
3 .6 
2.1-
2 . * 
?ye b r e a d 
P ^ i / * * 
35 
7S 
IS 
?>* 
1 5 
?3 
18 
23 
S . ' . ' . 
1 3 
9 
2? 
7 
t. 
8 
19 
6 
12 
Table 5.1.2 
Caesium-1,37 in Danish bread in June 1374 
Zone 
I : H. J u t l a n d 
I I : t . J u t l a n d 
I I I : « . J u t l a n d 
IV: s . J u t l a n d 
V: Funen 
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V I I : L o l l « i d - F « l » t t r 
V I I I : Bornhoi« 
K u n 
Copanhajan 
r o p u l a t i o n - M a i f h t a d 
* M n 
w h i t « b r e a d | Rye b r e a d 
p C i / k g 
5 .7 3 
G.6 B 
1.6 B 
7 . 0 A 
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» . 7 » 
» . 7 B 
9 .6 A 
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3.o a 
*.o 
x.u. 
3 . 7 S 
« . 2 8 
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» . 9 A 
J . 1 9 
3 . 3 B 
2 . 7 B 
6 .2 A 
l . S 
1 . 3 B 
J . 6 
p C i / k g 
1 1 . 0 A 
7 7 . 0 
1 2 . 1 
1 1 . 5 
1 3 . 2 A 
It 
» . 1 B 
9.S A 
1 2 . 1 
« . » B 
1 0 . 8 
I I .U. 
2 . 9 A 
7 . 0 
3 . 9 
S.S 
» . 9 A 
0 
1 .2 B 
1. 3 A 
3 .S 
l . » B 
3 . 1 
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5.5. Strontium-90 and Caesium-137 in Potatoes from the Entire Country 
The samples of potatoes were collected in September from ten of the 
90 137 
State experimental farms (cf. fig, 4 ,1 ,1) and analysed for Sr and Cs 
(Y-spectroscopy of bulked samples of the ash). 
Mean 3.2 SO 6 .3 1.6 
Table 5. 5.1 shows the Sr and C* content« in potatoes. The mean 
o n 
contents lor the country were 3. 2 pCi Sr/kg or 80 S, U. and 6.3 pCi 
Cs/kg or 1. 6 M. V. The level« were not significantly different from 
those of 1973. 
SI 
The mean of the ' Cs/ Sr ratios (pCi/kg figures) was 2.0 (in 1 973: 
1.4, in 1972: 1. T, in 1971: 3 . 1 , in 1970: 3. C, in 1969: 1.8, in 1968: 2.6, 
in 1 967: 2 .1 , in 1 966: 2. 6, in 1 965: 6, and in 1 964: 9). 
pCi ^Sr /kg 
5-
4 
3-
2-
• <> 
* • 
i~ 
59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 
Fig. 5.5.1. Strontium-90 in Danish- potatoes, 1959-74(1 S. E. indicated). 
pC./«9 
•^r^xr. 
TM3 ' 1 » ' HK ' NB ' UW ' »M ' 1MB i' »70 ' 1»71 ' »71 ' U73 ' t»7» 
Jutland 
Ths Islands 
Fig. 5, 5.2. Caeslum-137 in potatoes from Jutland and the Islands, 1943-74. 
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S. 6. Strontium-90 and Caesium-I 37 in Vegetables and Fruits from the 
Entire Country 
In 1974, as in previous years, vegetables and fruits were collected in 
September and December from eight larger provincial towns, one in each 
of the eight zones, and from Copenhagen. 
Carrots and onions were collected in September, cabbages and apples 
in December. 
The V-measurements were performed on bulked ash samples repre-
senting the entire country (cf. table 5. 6.4). Tables 5. 6.1 - 5 .6 .3 show the 
90 
results and the analysis of variance of the Sr determinations. 
90, 
The variations between species were highly significant. The highest 
Sr levels (pCi/kg) were found in onion and carrot, the lowest in apple. 
The variation between locations was not significant. 
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Table 5 . 6 . 2 
A n a l y s i s o f v a r i a n c e o f In pCi 9 Sr/Jcg i n v e g e t a b l e s a.r\d f r u i t s i n 1974 
(from t a b l e S . 6 . 1 ) 
V a r i a t i o n 
Betw, s p e c i e s 
Betw. l o c a t i o n s 
Remainder 
SSD 
19.77«* 
1.396 
J.B62 
f 
3 
S 
Z« 
.* 
S. S91 
O . l l n 
0 .13« 
v ! 
2 7 . 9 4 
O.T'i 
P 
>99 .95» 
-
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T a b l e 5 . 6 . 3 
A n a l y s i s of v a r i a n c e of 
. in v e g * * ^ t I 
(from t a U * S . S . l ) 
V a r i a t i o n 
Be-fvi. s p * c i e s 
fietw. l o c a t i o n s 
Rema i n d e r 
330 
i . i :9u 
i . 7 4 5 
i . 6 0 6 
f 
3 
8 
2« 
s7 
0 , 6 3 1 
0 .218 
0,71** 
;•< 
2 .79 
O.Si 
P 
-
-
CriPsiun-137 in vpR^taV'Iftn •»n-i 
p C i / k g 
pCiCg K 
Cabbage 
1.1 
O.S 
C a r r o t 
1.1 
0 . 5 
Onion 
0 ,7 H 
0 .« B 
Apple 
<».7 
3 .« 
Pea 
« 3 . 7 3 
» 0 . 7 B 
C o o s c h e r r y 
4 3 . 6 A 
S 1 . 6 A 
* 0 n l y Copenhagen 
Only V e j l e , Odense and Copenhagen . 
• ' w * ' a u * uiia ' <•*> ' tt-n ' wn"' MM M H ^ W *» 1W3 WW 1W 
F l £ . 5 . 1 . 1 . S t ront ium-W in Danish cabbage niid t-mroUi I 961 -74 
0 S. E . indicated). 
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Figure 5.6.1 shows the country-wide mean pCi Sr /g Ca levels in 
cabbage (white and red) and in car ro ts collected since 1961. The cabbage 
9fl levels have since 1 966 varied around 20 pCi S r /g Ca and the ca r ro t levels 
have been onlv 30 pCi ^ S r / g Ca, (cf. discussion In Risø Report So . 291 ' ) . 
The Sr levels in cabbage and ca r ro t s depend primarily on the Sr 
90 
activity in the soil; during the last years approx. 95% of the Sr came 
from the accumulated 9 0 S r in the soil . The relatively constant levels since 
1 966 are in accordance with the almost constant soil levels (cf. 4.2) and 
90 
support the statement in Appendix C that the availability of the Sr in the 
soil for root uptake does not decrease so rapidly a s suspected in 1971. 
J 
' * . 'it! •*» ' ' fA rat WW *9M i%% I31C «p' 
'),!>. LZ. Caesium-137 in Danisii cabbage and c a r r o t s I9&3-74. (1 S. K. 
indicated, when mare Chan one determinat ion wag c a r r i e d out). 
137 
Figure 5.6.2 shows the corresponding curve for Cs in cabbage and 
1 37 
carrots, (notice that the ordinate i s logarithmic). It i s evident that Cs 
90 in vegetables, unlike Sr, depends strongly on the fall-out rate. It also 
appears that the levels in cabbage and carrots are similar, implying,that 
137 the Cs is translocated in carrots from the parts above (he soil to the roots. 
1 37 
The Cs levels in vegetables are now so low that a meaningful inter-
pretation of the results is difficult. It is thus surprising that the 1974 
levels in cabbage and carrots are apparently lower than the 1973 levels. 
However, the difference is hardly real because the analytical errors of 
the 1974 determinations are large. 
90 137 
Table 5 .6 .5 shows a calculation of the mean content« of Sr and C» 
90 
in Danish vegetables collected in 1974, ( Sr in peas was taken to be the 
same as the 1973 figures). The levels are the population-weighted means 
calculated in tables 5.6,1 - 5 .6 .4 . 
5S 
é : • - : - i : 
• • • • • ' " • ' * - ' * - - - - - • • - ' ' • ' - : • J - ' • 
The 1 974 levels in Danish fruit were calculated from apples anci *he 
90 137 
mean levels in Danish fruit were thus 3. OpCi Sr /kg and 4 .7pCi Cs /kg . 
5. 7. Strontinm-90 and Caesium-137 in Total Diet from the Entire Country 
In T974 total-food samples represent ing an average Danish diet ac -
cording to E. Hoff-Jørgensen (cf. Appendix B in Risø Report Xo. 63 ') 
were collected from eight towns each representing one of the eight zones 
(cf. fig. 5. 2.1) and from Copenhagen. The sampling took place as previously 
in June and December. 
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Fig . 5 .7 . 2. DCi ' 3 7 C>/day in Danish total diet, I 963-74. 
Tables 5.7.1 and 5 . 7 . 2 show the results. As in previous years, the 
variation between locations was significant. The 5.17. levels in the total 
diet were appro*. 50% higher in Jutland than in eastern Denmark. 
Figure 5.7.1 shows the zone mean levels (not population-weighted) of 
S t a t u * s t r o n t i ' i n in ra*a : 
»one 
I : H. J u t l a n d 
l i t E. J u t l a n d 
I I I : « . J u t l a n d 
IV: S . J u t l a n d 
V: Tunen 
Vt: Zealand 
VII : L o l l a n d - F a l s t e r 
V I I I : Bornholm 
Bean 
Copenhagen 
June 
0 . 8 * 5 . 1 
i . s t o . i 
a . * •<? . ! 
l . U O . I 
i ."t»o.n 
l . s t n . i 
n . 7 * n , i 
1 .1 
l . I ' O . l 
~ e - . 
0.7.-C.1 
l . u s n . l 
0 . 9 ! 0 . 0 
a.ttn.i 
a.sto.i 
l.ttn.i 
Z . U I . l 
n.7>o.i 
1.0 
1 . 3 : 0 . 1 
1 37 S. U. in total diet since May 1 961. Kigure 5. 7. 2 shows the daily Cs 
intake since June 1 963. 
90 The 1 974 Sr levels in total diet were approximately equal to the 1 973 
levels, wliile the Cs levels were approximately 20% higher than the 1973 
ones. 
From the total-diet sampling it id possible to estimate the mean levels 
of Sr and 'Cs in the Danish diet in I 974. For the period January-April 
90 1974 the Sr level in the total diet i s assumed to have been equal to that 
measured in December 1 973, Risø Report No. 305 '. For the period May-
September we assume the level to have corresponded to thut measured in 
June 1 974. The December I 974 figure is taken to represent the last three 
90 
months of the year . The population-weighted mean of Sr in total-diet 90 
samples was 6. 8 pCi Sr /g Ca in December I 973. Hence the mean content 
in the total diet in 1 974 was 7.1 pCi 9 0 Sr /g Ca or 1 2. 0 pCi Sr/day. 
1 37 In a similar way the Cs content in the Danish diet in 1 974 was 
estimated to be 1 9 pCi Cs/day or 4.4 pCi Cs/g K (cf. also AppendixC). 
5.8. Strontium-90 and Caesium-137 in Miscellaneous Foodstuffs 
5. 8 .1 . Strontium-90 and Caesium-137 in Meat 
Pork and beef samples were collected in Copenhagen in three large shops 
in June, September, and December. Table 5. 8.1 shows the results . Figures 
5.8.1.1 - 5 ,8 .1 .4 show a comparison between milk and meat levels. The 
ratio (pCi 9 0 Sr /kg meat)/(pCi 9 0 S r / l milk) was 0. 21 (S. E. 0. 03), and the 
1 37 
corresponding rat io for Cs was 4 . 8 (S. E. 0. 3) for the period 1 962-1 974. 
(In these calculations meat consisted of 2/3 pork and 1/3 beef) (cf. also 
Appendix C). 
TdMe 5 . 3 . 1 
C t r o r t i - j m - 3 3 and Caefliura-i37 in porV and beef from Copenhagen in 197'+ 
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Fig . 5. B . l . l . S t ron t ium. 90 in Danish milk and mea t (2/ 3 pork and 1/3 
beef) 1962 74. 
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Fig. 5. B. 1 .2 . Th« ratio between ^ S r in D&nieh meat and milk 1 964-74. 
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Fig. i . B . 1 . 3 . Caesiimi-137 in Danish milk and meat U, '3 purk »ntl 1/3 
beet) 1362-74. 
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5.8.2. Strontium-90 and Caesium-137 in Fish 
Fish samples were collected in inner Danish waters together with the 
sea-water samples (cf. 7). Table 5.8.2 shows the results. The mean 
137 levels in fish from 1974 were 73 pCi Cs/kg (4 samples) and 1.3 pCi 
90Sr/kg (4 samples). 
<. ->-<• :<, i- : in 1 r o ^ i l - I . . Tyivi ir. Iw-enh.er ill« 
5.6.3. Drinking Water 
No samples of drinking water were analysed in 1974. 
5.8.4. Strontium-90 and Caesium-137 in Various Foods 
As compared with the corresponding sampling in 1972 ', the Cs 
90 levels in coffee as well as tea have decreased 3 to 4 times. The Sr levels 
T a b l e S . a . u 
. ; t r o n t i u n - 9 0 and C a e s i u m - i 3 7 in v a r i o u s fotvis c a l l e r : : - J 
in December 1 •>?'» 
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C o f f e e 
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pCi 9 0 S r / k g 
0 . 5 3 A 
8 . 9 
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» . 1 9 
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I S . 3 
MII.7 
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1 9 . 7 
21. 5 
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0 . 6 8 A 
0 . 7 5 9 
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5 .26 
pCi 1 3 , C s / V g 
5 . J 
* .* ) 
5 . 3 
0 
0 
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!( . 'J . 
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3 .0 
7 .6 
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0 .6« R 
fi.H 
nSr mg/g Ca 
2 . 1 
a.« 
6.S 
1 .1 
0 
1 .5 
1R.0 
2 1 . • 
62 
in coffee, tea, orange, lemon, grape and banana are on the other hand un-
137, Cs changed or a little higher. Mushrooms contained a relatively high 
level, especially when considering they were grown indoors. 
The stable Sr levels in coffee and tea correspond to the levels found 
in 197: 
5.9. Estimate of the Mean Content?, of Sr and Cs in the Human Diet 
in Denmark in 1 974 
3. 9.1. The Annual Quantities 
The annual quantities are calculated by multiplication of the daily quan-
tities by 365 (as stated by £ . Hoff-Jørgensen, cf. Risø Report No. 63, 
table B 1 ' ) . 
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3 . 9 . 2 . Milk and Cream 
90 137 
The Sr and Cs contents per kg milk were calculated from the 
annual mean values for dried milk (cf, tables 5. 
milk, containing appro*. 1,2 g Ca and 1.66 g K. 
,1 and 5.1.3) . I kg~ I 1 
Hence the mean contents 
in milk were 5.4 pCi ^Sr /kg and 7.3 pCi l 3 7 C s / k g . 
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traction) 
Srtt" 
Total 
fraction from narveat 
lt»3 
kg flour 
21.« 
13.3 
S.S 
60.1 
pCi/kg 
11.9 
3.1 
• . » 
7 . 2 
pCi 
251 
135 
•I 
*U 
Traction fron harvest 
1»7» 
kg flour 
1.1 
10.» 
l.» 
20.« 
pCl/M 
51 
15.5 
21.) 
21.« 
»CI 
J»J 
:«» 
51 
SM 
Total 
P « 
611 
2t» 
M 
waV 
S3 
f'st tsvat* of 'tit? ne<tr? >.-,>.-: •rf.-.r ->f ' . ' r ir. "h° ^'sn.iri ti.*kT_ ir. rs«im.*rli in L97«, 
Typ* Of food 
Gra in pry-i'i-,•*--
V e g e t a b l e s 
f r u i t 
S e a t 
F i s h 
Cof fee =»nd " e a 
D r i n k i n g n a ? » r 
T o t a l 
ir: Vg 
; : . 5 
'. - . i 
: :.* 
T o r a . 
i l . > 
>' i« 
117 
tS?<* 
P.-rct'rtt.ige f 
fos<*l r»ti Sr 
0 . 0 
0 . 1 
The iftedn c a l c i u m i-TaV« was «•:* •-.
 t~" i -i' 'T'' ? ( - i ^ r r ^ x . ? t r t -? I .0 (5 '"rp*.! 
p r æ p a r a t * ) - 4erv:e Tr.e * ~ r ; " a ra--" -, :r. V-*-- *-•?*.** <;£•:•* w i^n 5 . 7 " . " . 
i n 197* . 
5 . 9 . 3 . Cheese 
90 One kg of cheese contains appro*. 8. 5 g Ca and 1.2 g K. The Sr and 
137 
Cs contents in cheese were calculated from these figures and from the 
S. U. and M. U. levels in dried milk (cf. taLles 5.1.1 and 5 .1 .3 ) . One kg 
90 137 
of cheese appeared to contain 38.3 pCi Sr and 5.3 pCi Cs. 
5 . 9 . 4 . Grain Products 
90 (37 
Tables S. 9. f and 5 .9 .2 show the estimates of Sr and Cs respec-
tively in grain products consumed in 1974. From these tables the activity 
levels in grain products were estimated at 13.8 pCi Sr/kg and 12.6 pCi 
' " c / k g . 
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5.9 .3 . Potatoes 
90c The figures in table 5. 3.1 were used, i. e. 3. 2 pCi Sr/kg and 6. 3 
pCi ' 3 7Cs/kg. 
5 .9 .6. Vegetables 
90 137 
Table 5.6. 5 shows the calculation of Sr and Cs in Danish vegetables 90 
consumed in 1974. The mean contents were 9. 8 pCi Sr/kg and 1. 9 pCi 
1 3 7 Cs/kg. 
5. 9.1. Fruit 
The levels in imported fruit in 1974 are assumed to be equal to the mean 
levels found in lemons, orangeB, grapes and bananas collected in Copenhagen 
in 1974, i. e. 6.6 pCi å 0Sr/kg and 2.4 pCi ' 3 1 Cs/kg. The mean levels in 
Danish fruit (apples) in 1974 were 3.0 pCi 9 0Sr/kg and 4.7 pCi ' 3 7CB/kg 
(cf. 5, 6). The daily mean consumption of fruit consisted of 100 g of Danish 
and 40 g oi foreign origin. Hence the mean contents in fruit were 4 .0 pCi 
9 0Sr/kg and 4.0 pCi' 3 7 Cs/kg. 
65 
5 .9 .8 . Meat 
The annual mean values of Sr and Cs in meat were calculated 
from table 5. 8 .1: 2. 6 pCi 9 0Sr/kg and 29. 3 pCi ' 3 7 Cs/kg. (Danish meat 
consists of 2/3 pork and 1/3 beef). 
5. 9. 9. Fish 
90 137 
The Sr and Cs contents in fish are estimated from 5. 8. 2 at 1. 3 
90 137 
pCi Sr/kg and 73 pCi Cs/kg (mean of all fish samples collected in 1974). 
S.9.10. Eggs 
The activity contents in eggs were estimated from a 1 974 sample col-
lected in Copenhagen. The levels were 1. 3 pCi Sr/kg and 3 pCi Cs/kg. 
5. 9.11. Coffee and Tea 
One third of the tot' 1 consumption consists of tea and two thirds of coffee. 
n 
137,. 
90 The mean contents from I 974 were used: 24. 9 pCi Sr/kg and 36. 9 pCi 
"Cs/kg. 
5. 9.1 2. Drinking Water 
The Sr level (population-weighted mean) found in drinking water col-
lected in June 1973 was used as the mean level for drinking water, i. e. 
90 137 
0.02 pCi Sr/1. The Cs content in drinking water i s assumed to be 
negligible, because it cannot be detected even in surface fresh water (cf. 4 .4) . 
5. 9.1 3. Discussion 
On 1 0 7 
Tables 5. 9.3 and 5. 9.4 show the estimates of Sr and Cs in the 
Danish diet in 1 974. The figures should be compared with the levels cal-
90 
culated from the total-diet samples (cf. 5.7). The Sr estimates obtained 137 by the two methods were 5.7 S.U. and 7.1 S, V. respectively, and the Cs 
estimates were 15 pCi ' 3 7Cs/day and 19 pCi ' Cs/day. The deviations 
between the two estimates are partly ascribed to the disagreement between 
the actual levels in bread and those calculated from grain (cf. table 5.4. 3). 
90 The relative contributions of Sr from milk products (~35%) and from 
grain (31%) were nearly unchanged compared with 1973. The contribution 
from potatoes, other vegetables, and fruit was 24.6%, i. e. also unchanged 
1 37 from 1973. The relative contribution of Cs in the total diet changed as 
follows from 1973 to 1974: milk products were a 'little higher (19 to 22%), 
grain products decreased from 25 to 18%, and meat was higher (21 to 28%). 
6. STRONTIUM-90 AND CAESIUM-1 37 IN MAN IN \ 974 
6.1 • Strontium-90 in Human Bone 
The collection of human vertebrae from the institutes of forensic medi-
cine in Copenhagen and Arhus was continued in 1974. As in the total-food 
survey (cf. 5.7), the country was divided into eight zones. The samples 
were divided into five age groups: ne*-born ( ( 1 month), infants (1 month-
4 years), children and teenagers ( 5 - 1 9 years), adults (<29 years) and 
adults () 29 years). 
Tables 6 . 1 . ; - 6 .1 .5 show the results for the five groups. 
The levels were generally lower in 1 974 than in 1973. The highest 
mean level in vertebrae was found in infants, but the levels in the different 
age groups were not much different. 
Tit le 5.1.1 
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Fig. 6.1.7. Strontiam-90 inhuman bon« from Danish cohorts f980-< 
tAbaciua: af in yura. Ordinal«: bon« lavtl in pCl WSr/» C«). 
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6. 2. Caesium-137 in the Human Body 
In July 1963 whole-body measurements were initiated at Risø in the 
iow-level counting room in the Health Physics Department (cf. 2. 3 in Risø 
Report No. 85 ). A control group from the Health Physics Department 
was selected and has since then been measured three times a year. Table 
6. 2 shows the results. 
I 37 The annual mean value of the control group was 9. 6 pCi Cs/g K. 
As earlier, we shall consider this figure representative of the mean of the 
137 Danish population in T 974. The total-body content of Cs in 1973 for a 
-3 
standard man containing 140 g of potassium equals 140 * 9.6 * 10 nCi -
1. 3 nCl ! 3 7 C s , i. e. 87% of the 1 973 level. 
Figure 6.2 shows the mean M. U. values (with one S. D.) for men and 
women measured in 1963-1 974. 
The maximum was reached in August 1964. The figure also shows that 
the mean level in the male group was appro*. 1 . 3 - 1 . 5 times as high as 
that in the female group. 
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17. f 
J7 .4 
1.1 
14.» 
I I . « 
» . ? 
b . l 
U . f l 
S.5 
O.i 
J . I 
25 . i 
• 1.% 
1 1 . 7 
; i . 4 
9.2 
1.1 
1.7 
rt.+ 
u,o 
i . i 
1.5 
l » . l 
I * . S 
15.7 
1.0 
77.7 
1».7 
»4,7 
I . * 
: . a 
7.1 
: . i 
1.4 
: . s 
i . i 
i . « 
J.C 
i . i 
1.4 
1.9 
2.1 
i . i 
1.5 
I.i 
I . I 
1.1 
J . » 
J . b 
1.5 
1.1 
J . I 
: . i 
1.5 
1.7 
1.1 
1.7 
1.« 
1.1 
3.0 
:.fl 
: . s 
i . » 
7.9 
7.7 
1.« 
7 .1 
7.1 
l . » 
1.« 
1.7 
7.7 
1.« 
7.7 
< ' i ! * 
' * • • • • • » ! . . , » . , 
W ) »H 
l ' h I M 1 | 
<
.„
>
, ,„
)
. .
<
. . . . .
)
, . .
,
. . . .
,
. ' , . .
<
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t
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t
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>
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FIJJ. b. 2, Ca*8ium-137 mean level* inhuman«, 1963-14 (1 S.D. indicated), 
im HK 
7. STRONTIUM-90 AND CAESIUM-1 37 IN SEA WATER IN 1 974 
As in previous years , seawater samples were collected by M/S Fyr -
holm in the summer and late autumn from inner Danish waters (cf. table 
7.1 and figs. 7.1 and 7. 2). Furthermore, seawater samples were collected 
at BarsebSck in the Sound (table 7. 2), at Ringhals in the Cattegat (table 7.3), 
Table 7.1 
?'rjr.ci'j!r.-12 and ;a«sium-H7 in sua water collected around Zealand in Way an.-l November i97t 
S t r o n t i u n t - 9 0 a n d C a e s i m u - l 3 7 in sea w a t e r c o l l e c t e d in t h e Sound < B a r s e b a c k ) ir. 1974 
P o s i t i o n 
N E 
SS°U?*D8* U 0 ^ ' 
5 S ° t 7 ' Q 5 » 1 2 ° S 1 ' 0 7 » 
Mean 
SD 
SE 
Mean 
SD 
SE 
A p r i l 
d e p t h 
i n m 
0 
14 
0 
IB 
Supfac« 
Bottom 
9 0 5 r 
p C i / 1 
a , 6 0 
0 , 8 1 
0 . 6 9 
0 . 7 1 
o.is 
0 . 1 1 
0 , 6 9 
0 
0 
1 3 7 C s 
p C i / 1 
0 . 7 0 
1 .09 
0 . 7 1 
1 .16 
0 . 7 1 
0 , 0 1 
0 . 0 1 
1 . 1 3 
D.OS 
0.0 ' t 
S a l i n i t y 
o / o o 
7 ,7 
3 1 . 8 
a . 3 
3 2 . u 
a.o 
0.4 
0 .3 
3 2 , 1 
0 ,4 
0 ,3 
J u n e 
d e p t h 
i n tn 
0 
I t 
0 
16 
S u r f a c e 
Bottom 
9 0 s r 
p C i / 1 
0 . 8 3 
B.57 
0 . 92 
0 , 6 3 
o.os 
0 . 6 3 
0 . 0 8 
0 .06 
1 3 7 C s 
p C i / 1 
0 . 6 5 
1.09 
0.B2 
1.33 
0 .84 
0 .02 
0 . 0 1 
1 .21 
0 . 1 7 
0 , 1 ? 
S a l i n i t y 
o/oo 
8.2 
$.M 
32 .6 
B.3 
0 . 1 
0 . 1 
3 ? . l 
1 ,0 
0 ,7 
November 
d e p t h 
i n m 
0 
14 
0 
16 
S u r f a c e 
Bottom 
9 0 s f 
p C i / 1 
-
-
-
l
" c . 
p C i / 1 
Q.6U 
l.OH 
0 . U 
1.1« 
0 . 6 8 
0 .05 
1.09 
0 .07 
0 .05 
S a l i n i t y 
o / o o 
9.0 
33 .a 
9 . 0 
33 .2 
80 
Caesiua-137 in sea Nater collected at Ringhals 
in October 19?* 
P o s i t i o n 
» 
il^H'ISi" 
57°13 '03" 
S7°H.' 
- " -
t 
12°06 ' 
12°03 '0»" 
11°53'06" 
Mean 
SD 
SE 
Hean 
SD 
SE 
depth 
in » 
D 
17 
0 
27 
0 
73-76 
Surfc-ee 
Bottom 
p C i / 1 
0 .83*0 .02 
1 .0610 .10 
0 .9210 .0$ 
1 . 0 1 1 0 . 0 1 
O.B210.00 
1.OHIO.OS 
0 .86 
0 .06 
0.03 
1.04 
0 .03 
0 .01 
S a l i n i t y 
o / o o 
2 1 . 6 
28 .6 
2 0 . 1 1 0 . 0 
3 0 . 1 1 1 . 1 
2 0 . 0 1 0 . 1 
3 3 . 6 1 1 . S 
2 0 . 7 
0 .8 
0 . 5 
3 2 . 1 
3 . 0 
1 .8 
and at Gyllingnæs in the Aarhus Bay (table 7.6). The DANA took samples 
in the North Sea and the Skagerak in February (table 7.4) and in July-
August (table 7. 5). 
In Risø Report No. 305 it was suggested that the increasing Sr and 
1
 Cs levels observed in 1973 in inner Danish waters were due to con-
1 37 tamination from inflow of water from the North Sea contaminated with Cs 
and 9 0Sr from nuclear plants in the DK and France. The increase continued 
in 1974 as shown in table 7.1 and fig. 7 .1 , and it is now evident that the 
1 3 7 C s and 9 0Sr originate from the North Sea. 
The Sr concentration has especially increased in sea water of high 
salinity as shown in the following regression equations: 
0. 94 - 0.01 8 o/oo (t 967-71) 
0. 97 - 0. 020 o/oo (1 972) 
0.95 - 0.014 o/oo (1973) 
0. 93 - 0.010 o/oo (1974) 
pCi 9 0Sr I"' 
PCi 9 0Sr T 1 
PCi 9 0Sr I"1 
p C i ^ S r l " 1 
(The regression analysis showed significant or probably significant re-
gression in all cases except in 1 973). 
The mean salinities of sea water from the Baltic and the Norgh Sea 
are approx. 10 o/oo and 33 o/oo respectively '. From the above equations 
SI 
T a b l e 7 . 1 
S t r o n t i u m - 9 0 and Caes iuo -137 in Sur face s e a w a t e r c o l l e c t e d 
i n t h e North S e a , Skagerak and K a t t e g a t xn Februa ry 1971 
P o s i t i o n 
58°10'N a2°21 'E 
S7°30'H QU°1Q*E 
S3°23'N 02°15'E 
57°C5'N 1 1 0 U * E 
S S ^ l ' H 03°18'E 
57°52'N o V ' l l ' E 
56°31'K 06°52 'E 
59°35'N O0°47'E 
SH°2M'N ( W ^ S ' E 
59°13 'N Q I ' W E 
5S°58'N 06°21*E 
57°33'N QB016*E 
55°56'N 07°50 ,E 
55°19'N 07°S1'E 
SB°'+6 ,S"N03O38 ,E 
$B°13'U 0t°33'E 
Mean 
SD 
SE 
pCi 9 0 S r / l 
0 .21 
0.34 
1.Q& 
0.73 
0 .59 
0 .71 
0.76 
0.17 
1.05 
0.24 
0.69 
0 .59 
0.32 
0 .10 
pCi 1 3 7 C s / l 
0 .36 
0 .36 
1.36 
1.07 
Q.B3 
1 .71 
0 .27 A 
1.91 
0 . 1 3 B 
1.27 
1.67 
1.30 
1.33 
0 . 7 1 
2 . 1 9 
1.16 
0.6& 
0 ,16 
S a l i n i t y 
o / o o 
3 1 , 1 
34 .2 
32 .2 
2 1 . 9 
31 .2 
3U.8 
31.11 
3 1 . 1 
3 3 . $ 
31 .2 
31.2 
34.2 
31 .5 
29.R 
30.'i 
34 .0 
32.6 
3.2 
a , a 
Table 7.5 
S t r o n t i u n - 9 0 and C a e s i u a - 1 3 7 in s u r f a c e eea w a t e r c o l l e c t e d 
in t h e North Sea , Skagerak and K a t t e g a t i n J u l y - A u g u s t 1971 
P o s i t i o n 
S^&O'H 01°30'W 
53U3S'N 0 t ° 3 0 ' E 
S3°35'N 01°SO'E 
5«°S»'N 02°23 'E 
53°»« ' l l 0SO00'E 
5 » O 0 7 ' » 0»°00 'E 
» » " j S ' N 0S°O0'E 
5i°H3 'N 0S°0t>'E 
S5°02'N O7°D0'E 
S5O20'H 08°00 'E 
"tripl« <tee«i<mln*t 
pCi 9 "sWl 
0 .36 
1.19 
-
-
-
-
-
-
-
-
i o n i 
pCi 1 3 7 C » / 1 
0.39 A 
2 . 3 8 1 0 . 2 4 
1.95 
0 . 6 2 1 0 . 0 1 
1.95 
1,97 
1 .79 
1 . 3 5 1 0 . 0 7 * 
1.16X0.12 
1.01 
S a l i n i t y 
o / o o 
36 .0 
30.4 
311.6 
30. * 
31 .0 
32 .1 
31 .0 
3D.6 
3K.0 
29 .6 
80 
Caes ium-137 s e a w a t e r c o l l e c t e d a t R i n g h a l s 
i n Oc tobe r 197t 
Position 
N 
S 7 c i S ' 0 S " 
5 7 ° 1 3 ' 0 3 " 
S 7 ° l f 
- " -
Mean 
SD 
SE 
Mean 
SD 
SE 
E 
12°06 ' 
i : ° 0 3 ' 0 » " 
l^Sl'lli" 
- " -
d e p t h 
i n K 
0 
17 
0 
27 
0 
73-76 
S u r f a c e 
Bottom 
p C i / 1 
0 .83±0 .02 
1 .0610 .10 
0 .9210 .06 
1 .01*0 .01 
0 .82±0 .00 
1.04*0.OS 
0 .86 
0 .06 
0 .03 
1.01 
0 .03 
0 .01 
S a l i n i t y 
o / o o 
21 .6 
28 .6 
2 0 . 4 ± 0 . 0 
3 « . 1 ± 1 . 1 
2 0 . 0 ± 0 . 1 
3 3 . 6 H . 5 
2 0 . 7 
0 . 8 
O.S 
3 2 . 1 
3 .0 
i . a 
and at Gyllingnæs in the Aarhus Bay (table 7. 6). The DANA took samples 
in the North Sea and the Skagerak in February (table 7.4) and in July-
August (table 7. S). 
In Risø Report No. 305 ' it was suggested that the increasing Sr and 
137, Cs levels observed in 1 973 in inner Danish waters were due to con-
1 37 tamination from inflow of water from the North Sea contaminated with Cs 
o n 
and Sr from nuclear plants in the UK and France. The increase continued 
in 1974 as shown in table 7.1 and fig. 7 . 1 , and it is now evident that the 
1 **7 90 
' " Cs and Sr originate from the North Sea. 
90 
Tile Sr £ oncent'ation has esr-cial ly increased in sea water of nigh 
salinity as oh.vwn in tiic following regression equations: 
• K ) pCi m 'Sr r 
.... »0, • i'vJ " ' I 
•-C* u Sr I' 
9 , J
, , . • -
- 0.34 
=• 0,97 
= (• 2b 
- .). !)3 
• i ' . 018 o/oo 
- 0.010 o /oo 
• li, C'l 4 o/f»o 
. 0. 010 o/oo 
(! f . f i7-
(1972) 
(1973) 
(1974) 
(The regression analysis'showed significant or probabh, significant r e -
'v...;rtlon in ail cases except in 1 973), , 
Tht= mean splinitie« o'X aéa water from the bnlUc and the Norgh Sea 
81 
Table 7 .4 
Strontiuiri-90 and Caesium-137 i n surface sea water c o l l e c t e d 
i n t h e North Sea , Skagerak and Kattegat i n Fe£>ruary 197U 
P o s i t i o n 
5a°10TN Q2°2.l'E 
57°30'N O4°G0'E 
53 a 23'N 02°45'E 
57°0S'N l l ^ l ' E 
53°?«.'« 03°18*£ 
57°52'N o A l ' E 
56034*N 06°52'E 
59°3S*N 0a°U7»E 
S4.°24'N a4 0n5'E 
59°13' i : O I ' W E 
55°S8*N 06°21'E 
S7°33'M 0« o *6'E 
55°S6'N 07°S0*E 
55°19*N 07°31'E 
S8Ot6 ,SHH03°39*E 
56°13'N 0u°38*E 
Mean 
SD 
SE 
pCi 9 0 S r a 
0 .21 
0.34 
1.05 
0 .73 
0 . 5 9 
0 . 7 1 
0.76 
0.17 
1.05 
0 . 2 " 
-
-
-
0.69 
-
" 
0.S9 
0.32 
0.10 
pCi 1 3 7 C s / l 
0.36 
0.36 
1.96 
1.07 
0.83 
1 .44 
1.71 
O. 27 k 
i . n 
n.i-i B 
l . ? 7 
1.57 
1.30 
1.33 
0 .71 
2 .19 
1.15 
0.6S 
0.16 
S a l i n i t y 
o / c o 
34.n 
34 .? 
32.? 
2L.9 
34 .2 
31.8 
3i*. 0 
3 4 . U 
3^.s 
34.2 
34.2 
34.2 
31 .5 
2T.3 
3G.it 
34.-1 
32. S 
3.2 
0.8 
Table 7 . 5 
Strontium-90 and Caesium-137 i n sur face sea water c o l l e c t e d 
tit the North Sea , Skagerak and Kattegat i n July-August 1974 
P o s i t i o n 
S9°S0'N 01°3li'W 
S3U35'N 00°30'E 
53°3S*N n l ° 5 0 ' F 
SB^SS'N 0 2 ^ 3 ' E 
S3°»S'N l i j ' l W ' f 
<>(°r>1'K r.'i3n|>'r 
SU°2S'» 05o01'E 
S3°»3'N 06°nOT 
pCi 9 0 S r / l 
" In 
1.18 
. 
-
. 
pCi 1 3 7 C«/1 
a.:<4 A 
2.3e*E-..l'i 
> > . * » • " . • . 
1 . ! . 
T . 7 1 
Salinity 
n/oo 
1 : , . C 
1 
••• i 
! 
3 1 . • > • 
.;'• 1 
82 
1.5 V 
1.0 
0.5 
S t r o n t i u m - 9 0 and C æ s i u m - 1 3 7 i n s e « w a t e r 
c o l l e c t e d a t Gy l l i ngnæs in A p r i l 197H 
P o s i t i o n 
N 
5 5 ° 5 1 , 0 5 " 
E 
10Q08** 
10°17 'O5" 
d e p t h 
in m 
0 
15 
0 
9 
pCi 9 0 S r / l 
0 .72 
0.70 
0.67 
0 .56 
PCi 1 3 7 C s / l 
0 .76 
1.02 
0 .86 
0 .93 
S a l i n i t y 
o /oo 
1 6 . 1 
23 .2 
17.it 
17 .2 
pCiMSr A 
|H» 
» , ! , » 
1962 1963 1964 1965 1966 1967 1968 19691970 1971 1972 1973 1974 
Fifi. 7 . 1 . ytrontium-SO in surface sea -wa te r from inner Danish waters , 
1962-74 (1 S.I). indicated) (from table 7.l>. 
it is estimated that Sr levels in sea water since 1967-71 have increased 
by 9% in the Baltic and by 73% in the North Sea. 
The annual inflow from the North Sea through the Danish Sounds is 
3 . 
approx. 500 km water. Hence we may estimate that the inflow rate of 
(The 90 -I 
surplus Sr from the North Sea in 1 974 was approx. 110 Ci y . 
surplus Sr is the Sr from sources other than nuclear weapon fall-out. 
For the period 1967-71 the fall-out contribution from the inflow from the 
North Sea was estimated at approx. 1 50 Ci y (Risø Report No. 291 ')). 
90 In analogy with Sr, the following regression equations were found 
for 137 Ce in inner Danish waters: 
P C i ' 3 W 
p t a , 3 W 
p a , 8 7 c . r ' 
0,80 - 0.0043 o/oo (1972) 
0.60 + 0.012 o/oo (1973) 
0, 54 + 0.01 8 o/oo (1 974) 
Fif. 7.2. Su- f i t t r locations around Zealand 
84 
(The regression analysis showed a highly significant regression in 1974, 
probably significant in 1973, and insignificant in 1372). 
1 37 There are no Cs determinations for the years previous to 1972. Thus 
it is impossible to make an estimate of the fall-out Cs level in Danish 
30„ 
waters as for Sr. 
„.pel "W/i 
o 
137 It should be noted that the increase of Cs from 1972 
D 
o» 
oa 
Kt 
03 
02 
01 
0 « 10 II 12 13 U 15 16 17 18 » 20 21 22 23 » 25 2t 21 20 2» 30 31 B 33 31 K 3* M i n i t y l . 
Fig, 7 .3 . Strontium-90 in Danish sea-water related to salinity. Regression 
line: pCt ^ S r / l = 0. 93 - O.OlQofoo. 
i i i id u il i i ti is it t'7 to i» » it 22 23 2t » it 27 2 1 » » it 12 j i U tiumty "fc. 
Fig. 7.4, t a e s i u m - l 37 in Danish sea-water related to salinity. Regression 
line: pCi , 3 , C s / l • 0. 5e • I), 01 8 0 / 0 0 . 
(5 
to 1974 was almost nil tor Baltic sea water, but 74% for water from the 
90 North Sea, i. e. comparable with the above figures for Sr. We may. how-
1 37 
ever, calculate the inflow rate of surplus Cs from the North Sea in I974 
1 37 in the folio „ing way: the annual inflow of fall-out Cs is estimated as 
1.5 • 150 Ci * 225 Ci (1.5 i s the ratio between ' 3 ' C s / M S r in oceanic sea 
11 137 
water according to Bowen ' ) . The total inflow rate of Cs is 2.0 • 
1 ^ 7 <HI 
(150 + 110) * 520 Ci (2.0 is the ratio between 'Cs and Sr in North Sea 
*.(. I.'i. Conccn.iatloa« (pCi/1) o l ' " c » and " s r (Italic«) in aurface 
aea-walef collected in February (+) and July-August •'•) 1 »74. 
86 
137 in 1 974 according to table 7.4). Hence the surplus Cs becomes 520 -
1 137 90 
225 * 295 Ci y . The Cs/ Sr ratio in the surplus activity becomes 
295/HO s 2.7, i . e . 1.8 times higher than the corresponding ratio for 
fall-out. 
90 137 
We may conclude that Sr and especially Cs levels are increasing 
in inner Danish waters. This increase is due to contamination from nuclear 137 plants in VK and France. The increasing levels of Cs in Danish waters ? 37 
mean th?t marine products such as fish may show increasing: Cs levels 
in the years to come. It furthermore implies that the procentual contri-
button of Cs from fish to the total Cs diet level may increase, be-j 37 
cause terrestrial food products are decreasing in Cs. 
8. SPECIAL SURVEYS 
8 .1 . Meteorological Mast Experiment 
As in previous years, samples of precipitation were collected from the 
90 
mete rological mast at Risø at eight different heights. The Sr analyses 
were only carried out on samples from the first s ix months. 
90 
Table 8.1.1 shows the Sr levels in the eight bottles. The same 
90 tendency is apparent as observed earlier: the Sr concentration increases 
with increasing altitude. 
Strcntiutn-3" in rain collected at the meteorological nast 
i;s Jan.-June 157*» (sampling irea 0.030 n ) 
0 m 
7 n 
?~i m 
n m 
7? m 
% ffl 
12.1 n 
Mran 
r-ci/i 
I .H7 
l .RS 
: ,7.i 
i.m 
i . ^ , 
1.63 
1.13 
2.OB 
1.76 
ufli/kn3 
f>,2&S 
1.219 
0 .113 
Q.'l: i 
f),3?fl 
O . i M 
(1.3 L-) 
1,?13 
I.JGfe 
« 
1 8 0 
1 8 1 
1 8 7 
1 ? B 
i n 
7 0 0 
lf .1 
1 1 2 
n* 
87 
The mean amount of precipitation for the first half of F 974 in the eight 
bottles on the mast was 176 mm, i. e. equal to the level measured in rain 
bottles at ground Level at Risø <cf. table 3 .2 .4 .1 ) . The total deposition 
90 2 
was 0.31 mCi Sr/km , i. e. 80% higher than the level measured at the 
ground stations at Risø (cf. 3 .2 .4) . This observation fits the results of 
earlier years and can be explained by an increasing contribution of dry 
fall-out with increasing altitude. 
8.2. t iasion Product Ratios in Air Samples Collected at Different Heights 
in the Meteorological Mast 
Table 8.2 shows the mean ratios between various fission products 
collected in the first half of 1 974 from eight different heights of the meteoro-
logical mast. Regression analysis revealed no systematic variation with 
altitude for any of the ratios. The same was concluded from a similar 
study carried out in ! 97! (cf. Risø Report No. 2651'). 
T a b l e 8.2 
R a t i o between n u c l i d e s i n a i r c o l l e c t e d a t t h e m e t e o r o l o g i c a l mast 
in J a n u a r y - J u n e 197u 
'5. a p l i n g 
he igh t 
0 a 
7 m 
23 m 
39 m 
66 n 
72 n 
96 a 
123 m 
Mean 
" ' » / » » S T 
1.2F 
1.31 
1.11 
1.29 
e.s: 
1.30 
1.30 
1.21 
1 .20 
1
* ' c e / 1 3 , C s 
9 .68 
1 0 . 8 7 
1 0 . 1 7 
1 1 . »8 
1 0 . 9 8 
1 0 . I S 
1 0 . 7 « 
1 0 . 0 1 
10.SO 
1 0 W " c . 
6.26 
6 .01 
6 .21 
5.63 
6 .»1 
S.12 
6 .11 
1.91 
5 .83 
«r,r/ l i 7c. 
6 . 1 » 
7 .66 
7 .19 
7 .82 
7 .13 
7.85 
fi.7>» 
7 .3« 
7 . 2 3 
5 W S Z r 
2.12 
l .BS 
2 .07 
1.76 
2 .00 
1.37 
1.9« 
1.79 
1.87 
9 5 Z r / : M C . 
0.63 
0.70 
0 .68 
0.68 
0.66 
0 .77 
0 .63 
0 .73 
0 .69 
1Me./ IM«» 
1.55 
1 .91 
1.5« 
2 . 0 5 
1.70 
1 .99 
1.76 
2 .0« 
1.62 
8 .3 . Human Milk 
No human milk samples were collected in I 074. 
8 .4 . Country-wide Measurement of the V-Background in 1 974 
8 . 4 . 1 . State Experimental Farms 
As in previous years , the Y-background was measured at the State 
experimental farms (cf. fig. 4 ,1 .1) . Table 8.4.1.1 shows the results, 
and table 8.4.2 gives the analysis of variance. The variations between 
88 
T a b l e S .**. i - I 
y -background a t t h e s t a t e e x p e r i m e n t a l f a m s i n 197* (wRth) 
T y l s t r u p 
S t u d s g å r d 
0<iu» 
Askov 
S t . Jyndevad 
BlangsTedgård 
T y s t o f t e 
V i -umgår i 
Ledreborg 
Abed 
Å k i r k e b y 
Kean 
Har . 
i . P 
3 .8 
6 . 1 
5.? 
"*..* 
6 .0 
6.5 
5 .1 
6.6 
6.0 
( b . ? > 
( 5 . S ) 
Apr . 
»4.8 
3 .7 
5 .7 
- . 5 
• * . : 
5.7 
6.it 
6 .2 
6.;* 
5.6 
( S . 5 ) 
( S . 3 ) 
H*y 
* . 3 
3 . 9 
5 . 8 
5 . 5 
3 . 4 
6 . 0 
6 .5 
( 6 . 1 3 
u.<o 
5.8 
5.S 
( S . » ) 
S e p . 
5 .1 
* . l 
s.a 
5 .5 
3.3 
6.2 
7 .0 
6 .2 
6 .5 
6 .0 
( 5 . 8 ) 
( 5 . 6 ) 
Dec. 
5 . 0 
4 . 7 
S.B 
5 .5 
3 .7 
6 . 3 
S.4 
6 . 3 
6 .7 
5 ,S 
( S . B ) 
( 5 . 6 ) 
Mean 
4 . 8 
3 . 9 
S.« 
S.4 
3 . S 
5 . 9 
6 .6 
( 6 . 3 ) 
( 6 . 5 ) 
S.6 
( 5 . 7 ) 
( 5 . 4 ) 
£ : ro r . - ^ :,. • " . - . ; . ! } 
:'---.v^«r. I-;-:-.' '. o : 
:.(.-.,.-....- r.-.r. ••-.': 
L . « - , r . - : . -
?•-- .?;• 
• : . - , M 
'• 
' ! ' • 
r~.i-: 
-.•-"•i 
- . : • • " 
V ' 
1 1 . ? » 5 
?.?a 
'•. ">i 
• • 
' ^ . " • i 1 
-
>T^.'- = 
locations was highly significant (P ) 99. 95%). As in previous years, it was 
evidently not the fall-out that determined the variation between locations. 
The liiean level in 1 974 was a little lower than the 1 !i73 level. The level at 
Åkirkeby was lower than usual, but only one measurement was carried out 
in 1 974 at this location. 
Fig. 8.4 shows the Y-background since 1 962 in four groups of sampling 
stations. 1 he fact that stations with a low fall-out rate and a high clay 
content in the soil (Abed, Blangstedgird, and Tystofte) show higher Y-levels 
than stations wiJi a high fall-out rate and a low clay content (but a high sand 
content) (Studsgård, St. Jyndevad, and Askov) was discussed in Risø Report 
No. 1541' , 
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8.4. 2. The Risø Environment 
Gamma background measurements were performed in the five zones 
round Risø. The measurements were carried out at the locations where 
grass is collected (cf. figs. 3.1.2.1 and 3 .1 .2 .2 (the coloured map)). 
Tables 8 .4 .2 .1 and 8 .4 .2 .2 show the results. 
At all locations in zone I, especially at the waste treatment station 
(location 3), and at location 2 in zone II, the Y-background showed increased 
levels because of the various radiation sources at the research establish-
ment. The weighted annual mean for zones 1I1-V was 6.1 pH/h. In zone I 
the surplus activity from the research establishment was 22.1 - 6.1 = 1 6 . 0 
»R/h (in 1 967: 4 .0 , in 1 968: 3.9, in 1969: 3.3, in 1 970: 4 .7 . in 1971 -.1.6, 
and in 1 973: 11. 5 uR/h), A man working »n the open in the Risø area 40 
hours a week for 45 weeks a year would thus get a surplus dose of 25 mR/ 
year. 
Y-Va< Vgroi.r.t (yR/h> in ?.or\r. "• aruunil ?i",r* i.t '.'»''u 
LOCaaLlOn 
u 
M«;dn 
r > b . 
h . 7 
1.7 
2 0 . 0 
7 1 . 7 
r t * r . 
6 . 7 
6 f i . 6 
2 1 . . ) 
? 2 . n 
A p r . 
6 . 7 
1 3 . ' t 
May 
ft.7 
1 1 . 6 
2 0 . 8 
2 1 . 0 
J t i n o 
7 . 0 
1 0 . t 
1 7 . T 
1'1.3 
? 1 , ? 
J - . i l v 
i a . n 
11.2 
2 1 . 7 
7 ^ . 7 
A u g . 
• \ 7 
1 0 . 7 
7 0 . * 
' , 1 . 6 
7.1.0 
- " ? ' • 
6 a . ?. 
2»t . ' * 
2.1.4 
- ; - : » . 
r, • ' . [ i 
7 1 . « 
\ ' 0V . 
n.v 
S<»,7 
? ? , T 
r™. 
9 . 7 
1 7 . 1 
/ 0 . 0 
: . -«*>. 
6 1 . 1 
! r j . r, 
? 0 . f . 
7 ? . 1 
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Y-backgroulKt (pR/h) in foar *on*a CII-I9) around Ri»# in 197* 
k i s * sone 
t c £ * c o l o u r e d 
map) 
II 
Mean 
. I I I 
Sean 
IV 
Bean 
V 
Maui 
Locat ion 
2 
3 
1 
2 
3 
4 
1 
2 
3 
It 
S 
6 
7 
8 
1 
3 
t 
5 
i 
7 
8 
9 
10 
11 
12 
Feb. 
8 . 0 
S.5 
6 .7 
5 .S 
6 . 0 
5 .7 
S.7 
6 . 0 
6 . 0 
G.O 
S.7 
6 . 0 
5 .7 
5 . 5 
6 . 0 
6 . 0 
6 .S 
6 .2 
5 .2 
6 . 2 
6 . 0 
5 . 9 
Har. 
6 .8 
7 .2 
S.7 
6 . 0 
6 .2 
6 .7 
6 .S 
6 .5 
5 .7 
6 .1 
Apr. 
6 . 0 
6 . 7 
5 .7 
6 . 0 
6 . 1 
6 . 5 
6 . 5 
6 . 2 
6 . 0 
6 . 3 
6 . 0 
6 .S 
5 .5 
5 . 7 
6 . 0 
5 .7 
5 .7 
S.7 
5 . 9 
5 .2 
6 . 5 
6 .5 
5 . 7 
6 .2 
5 .7 
6 .7 
S .S 
6 . 7 
5 . 6 
6 .2 
6 .2 
6 . 1 
Ray 
6 . 0 
6 . 7 
5 . 7 
6 . 0 
6 . 1 
6 . 6 
6 . 5 
6 .2 
6 . 0 
6 . 3 
6 . 2 
6 .5 
5 .7 
5 .7 
%.'. 
5 .5 
5 .7 
5 .7 
5 .6 
6 . 0 
6 .5 
6 .5 
5 .7 
6 .2 
6 . 0 
6 .5 
6 . 5 
6 . 5 
6 .7 
6 .2 
6 .2 
( . 2 
J u l y 
6 . 7 
» - 0 
6 . 0 
7 . 0 
6 . 9 
7 . 2 
7 . 0 
7 . 2 
7 . 5 
7 . 2 
* > « . 
5 .6 
7 . 0 
7 . 0 
6 . 5 
5 .8 
5 . 8 
6 .2 
5 . 3 
6 .2 
6 . 0 
6 . 2 
6 . 7 
6 . 0 
7 . 0 
6 . 5 
5 .8 
6 . 2 
6 .7 
1 . 8 
6 . 0 
6 . 0 
6 . 2 
S e p t . 
6 . 2 
S .7 
5 . 5 
7 . 0 
6 . « 
7 . 0 
6 . 0 
6 . 7 
5 . 8 
6 .« 
Rean 
6 . 2 
7 . 1 
5 .7» 
6 . « 
6 . 3 
6 . 6 
6 . 5 
6 . 6 
6 .2 
6 . 5 
6 . 0 
6 .6 
6 .2 
S .« 
5 . 9 
5 . 7 
5 .8 
5 . 7 
6 . 0 
5 . 8 
6 .2 
6 .« 
5 .9 
6 . 2 
6 .1 
6 . 3 
6 . « 
6 .5 
5 , 3 
6 .2 
6 . 1 
6 .1 
8.4.3. A Location in Zealand 
Aa it ia important to bava knowledge of tha preoperational radiation 
level* Mor* a nuclear power plant goes critical, it was in »W7 decided to 
initiate inch measurement« at on* loeatbm in Zealand (and on« in Jutland) 
Oat may be used for nuclear power plants in the future. 
•1 
Table 8.1.3 
T-background (eK2h> aroor-d a location in Zealand in 197U 
Zone and s e c t o r 
C 1 
C 2 
C 3 
C li 
C 5 
C S 
C 7 
C S 
C 9 
C 10 
C 11 
C 12 
Mean 
B 1 
0 2 
D 3 
!S 4 
0 5 
0 f, 
3 ' 
n s 
D 9 
D 10 
D 11 
D 12 
Haan 
A p r . 
t . i 
s.o 
5 .2 
5 . 5 
5 .2 
S .7 
6 . 5 
6 . 5 
S.J 
6 .7 
6 . 7 
5 .2 
5 .7 
6 . 5 
S.S 
5.2 
5 .7 
5 . 7 
6 .5 
6 .2 
6 .7 
5 . 0 
S .5 
6 . 0 
» . 5 
5.B 
Zone and s e c t o r 
A 2 
A 3 
A » 
A 5 
A i 
A J 
A 1! 
A 9 
H u n 
a L 
3 2 
B 3 
B 1 
B 5 
S 6 
B 7 
B 9 
B 9 
B 10 
Mean 
Apr. 
5 . 0 
».a 
7 .5 
6 . 0 
6 .2 
6 . 7 
6 .0 
5 .5 
6 .0 
5 .0 
6 .2 
6 .2 
S.2 
6 .5 
6 . 7 
5.2 
5.7 
6.2 
6.5 
'..1 
The area around the location wne divided into four zones: A, B, C, and 
D, with radii of 5, 10, 15, and 20 km respectively. The zonae were each 
divldad into 12 30° •actor«, sector 1 being from due north and 30° clock-
wise, sector 2 from 30 to 00°, and ao on, A measuring location was thus 
determined by s son« letter and a eector number. Locations in the aea 
were omitted. 
Table 8.4. % Shows the results. The mean for all locations was 5,8 
»R/h, i.«. a little tower than the level found in zonae ni-V around Risø. 
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8.4.4. A Location to Jrtlaa* 
Tabte 8.4.4 show« a similar investigation u in a.4.3 for a location in 
Jutland. The annual I M U for all location« was 5.5 »R/n. i .e. a Uttte lower 
than the levels for Zealand (cf. 8.4.2 and 8.4.8). 
TabI« ».*.« 
>-Background CuR/h) arouftd a locarion ia Jutl^-id in 197* 
Zona a n 4 s e c t o r 
C 1 
C 2 
C 3 
0 * 
C 5 
C 6 
C 7 
C « 
C 9 
C 10 
c u 
C 12 
Héan 
D 1 
D 2 
D 3 
0 • 
D 5 
D t 
D 7 
D • 
D 9 
D 10 
D I I 
D 12 
Maan 
A p r . 
6 . 0 
7 . 0 
3 . 5 
6 . 3 
6 .2 
S.O 
6 . 0 
5 . 5 
» . 8 
1 .5 
» . 8 
5 . 7 
5.« 
5 .7 
6 .2 
6 . 0 
6 . 0 
5 . 2 
5 . 2 
5 .2 
1.7 
• . 5 
5 . 5 
S .5 
5 . 0 
5 . 5 
Zone and s e c t o r 
A 1 
A 2 
A 3 
A * 
A 5 
A 3 
A 7 
A 5 
A 9 
A 10 
A 11 
A 12 
Titan 
B 1 
a 2 
B J 
a « 
e 5 
s t 
B 7 
d > 
B 9 
B i n 
a a 
B 12 
Ha«. 
Apr . 
S.S 
S.O 
G.2 
» . 3 
5 . 0 
> .5 
5 . 2 
3 . « 
5 . 0 
5 .5 
5 . 7 
5 . 5 
5 . 2 
5 . 7 
5 . 5 
4 . 3 
7 . 0 
5 . 7 
5 . 7 
5 .5 
5 . 7 
5 . 5 
5 .S 
S. 7 
« . ? 
5 . « 
»s 
•' «.«.#. The Cone* of tie Great Belt 
Toe Great Belt ia a main shipping route for international traffic through 
inner Daniah Water«. Occasionally this waterway will be pasaed by nuclear 
ahtpa and an environmental X-survey of ita eoaatiine was therefore per-
formed. Table 8.4.5 shows the results. The levels were generally a little 
tower than those found in moat of the other areas of the country. The annual 
Wean was 5.6 ait/h. 
im« a.n.s 
The f-Mckgrouml (uR/h) »loot the coasts of the Greet Bel- in 1971 
location 
Agers« 
om 
Matma 
Reersri 
Uelskov 
Knudshoved 
Risinge 
Fvns Hoved 
Tarup Strand 
Langeland u. 
Tranekar 
Vindeby strand 
Kelds »or 
Ream 
April 
3.« 
3.8 
3.8 
5.5 
6.5 
1.8 
8.2 
5.7 
5.S 
5.7 
5.7 
7.5 
6.0 
9.6 
8.4.8. General Remark* 
The Y-background In 1974 was on the average 90% of the V-background 
in 1873. We have no explanation for thia decrease, but we suspect it to be 
fee to the calibration of the Mai-crystal. 
8, >. Preoperational Environmental Surveys at Baraehack. Mughal« and 
GyJIiaatuaa ' 
3*fS3ssasss& 
Sweden i* constrsctlag nuclear power plants facing the Sound at Barse-
btøendfneCåttegatatRlngnala. Ringhal* started up in 1B74 and Barse-
Mek became critical in 187*. As both sites ar* close to Danish waters and 
fishing giwiinai, various marine samples are collected from these areas. 
M 
Table 8.5.1.1., Sea watar analysis t»f Baraabaek saaples n c shotat 
in table 7.2. 
Table 9 . 5 . 1 . ; 
Ca*sii»-13? in bad so i l col lactam at 
Rarsabftck in Koveab«r 197* 
Locat ion 
SS0»S'9"II 1 J 0 5 S ' » " S 
-
-
-
-
-
Weighted mean 
5S0il6'2"l( 12 0 53 '2"E 
-
D«pth 
0 - 3 c . 
» - S o a 
r - » CB 
10-12 cm 
13-15 c a 
1 6 - 1 8 d> 
J - l » C» 
1 6 - 1 8 o 
1 9 - 2 0 cm 
pCi /kg 
•as 
S 90 
570 
2 7 ! 
15S 
103 
• 39 
*"t 
0 
mCUUrn' 
7 . 2 
$ . 9 
».« 
2 . « 
;.» 
Kt 
I ?2.5 
0 . 9 
0 
Table 8.5.1.J. Fish; no analysis . 
Table 8 .S.I .« . Sea plants: no analysis . 
Table S.a.1.5. Bottoa ani»alsi 1 sea urchin 31 M,tl, *nd 
85 pCi 137Cs/kg collect«*! in 1971. 
Table 8 .5 .2 .1 . Se« water analysis of Ringhals samples are shown 
in table 7.3. 
Tabl« t.S.2.2 
Caasiun-137 in betl soi l collect*«! at Rin|h*ls 
(hATS11 
Location 
57°1!'1"» 
s 7o1 7 r l .„ 
1T°1T'1"» 
I7°1S'1»II 
S7 0 I . '1"1I 
S 7 ° l i ' l « » 
M " * . ' ! « * 
1 2 ° 0 I ' E 
12°07»1«S 
ij°o»'2*r 
12°01'J»E 
1*°0»'»"S 
1I*0I'7"« 
u'Witt 
' M M p l . r : 
Dat« 
21/10-Tit 
2 3 / 1 0 - 7 « 
23 /10-71 . 
31/10-71) 
11/10-71) 
J I / 1 0 - 7 D 
11/10-71) 
. r u IDS e n * ) 
Dastn 
0-1 aa 
0f3 e * 
0-3 m 
0-1 m 
*>-* e a 
7-1,1 m 
0-1 a 
pCl/Kf 
31 
11 
t l 
111 
l i t 
»2 
no 
• C i / m ' 
l . J 
• »» 
t . o 
J.« 
*.. 
AS 
Only a few sampies were analysed, bat all samples are being retained for 
comparison with samples to be collected when the planta are in full operation. 
The results of the samples analysed so far are given beneath in tables 
S. 5.1 and 8.5.2. The analysis of the sea water samples is shown in tables 
7.2 and 7.3. 
Furthermore, a few preliminary samples were collected at Gyllingiws. 
the possible location of a future Danish nuclear power plant. The results 
of the analysis are shown In table 8. S. 3 and for the sea water in table 7.6. 
Tab!« 8.5.2.3 
Caesium-137 in fish collected at Finghals 
Dab 
W h i t i n g 
Dab 
Dab 
Dib 
Mean 
Dab 
U n i t i n g 
Dab 
Mean 
L o c a t i o n 
N.H. H i n g h a l e 
» . V . X i n c h a l s 
N.W. X i n g h a l i 
F l a d e n g r u n d 
K.K. S i n g h a l s 
« . R i n g h a l s 
V. R i n g h a l s 
U. ftinghals 
D a t e 
2 7 / 9 - 7 3 
2 7 / 9 - 7 3 
3 7 / 9 - 7 3 
2 7 / 9 - 7 3 
1 7 / 9 - 7 3 
1973 
2 7 / 9 - 7 9 
2 7 / 9 - 7 * 
2 7 / 9 - 7 9 
1979 
p C i / k g 
2 8 . 6 
9 . 6 
9 5 . $ 
3 2 . 3 
3 2 . 9 
2 9 . « 
2 7 . 9 
2 9 . 9 
2 3 . 9 
2 6 . 8 
H.U. 
7 . 8 
5 .0 
1 3 . 8 
9 .8 
8.9 
( . 9 
8 .1 
7 . 5 
8.9 
8 . 1 
Table 8.5.J.« 
Caesiua-137 in sea plants collected at ftinghals 
in October 197« 
L o c a t i o n 
I 
11 
Hean 
• C I 1 3 , C s / g a s h 
0 . 9 2 
0 . 3 6 
0 . 3 9 
FI.IJ. 
7 . 0 
1 1 . 0 
1 0 . 0 
T*bl« * . ; , 7 . S . Botto* M i H U ! IK» analysis . 
T*fcle #„$#-3*1*. Analysis of I M Mater Sesaplas ca l l se t td at 
Oylllngwrt ar« gtmm in tafcl« 7.6, 
Tfttla I .S . l eS . M> m«lys*|* of bad so i l .vanpl«« from Cyl l ingn«, 
M 
TaMa ».5 .3 .3 
Cæs£ust-137 in fish collect««* at Syllingnas in 1*7« 
Dab 
Dal: 
Hean 
Date 
21/» 
2«/« 
l J , C s pCL.'kf 
36.'-
29.6 
3V . I 
M.B. 
10.S 
10.0 
TabU 8.5.3.^ 
Caesiua-137 in sea plant* collected at Syllingnits in 19''* 
SeaMeed 
Seaweed 
Seaweed 
Bladder wrack 
Bladder wrack 
Haan 
Data 
21/» 
21/» 
23/» 
23/11 
nCi 1 3 7 Cs/( ash 
0.7« 
0.72 
0.»3 
0.69 
0.59 
O.il 
H.U. 
3.0 
2.5 
t.O 
6.0 
6.2 
S.l 
TabI« 8.S.3.6 
Cacsium-lJ? in bottoa aniaais collected at Oyllingn*« in 1974 
Location 
Syllingnats 
Si"«?'!! 10°0»'£ 
(13 m) 
Kean 
I.E. Kalvsnakke 
s.w. Kalvsnakke 
Mean 
H.E. Kalvsnakke 
S,K. Kalvsnakka 
s.w. Kaivmakke 
Ktan 
Species 
starfiRh 
Starfish 
Comon Rusael 
shall« 
COBswn mussel 
•he l l s 
I
 1
 
"
 
II
 ll
 ll 
pCi 1 5 ,Cs/kg 
17.2 
ia.« 
17.« 
pCi m C s / g ash 
0 
0 
0 
0 
0.003 A 
0.25 
0.08 
H.U. 
s.a 
5.7 
5.75 
0 
0 
0 
0 
0.01 * 
11.7 
3.9 
»7 
B.6. Stronti«P-aO and Caesium-UT in Samples of Beet« CoUacted since 1963 
Beet is an important component of the diet of Danish cows. Approxi-
mately otte Third of the feed units in the fodder originates from beets and 
beet-offal. In comparison grass provides one half of the feed units in the 
total fodder20'. In 1964 (Risø Report No. (07)'' samples of fodder were 
collected from various locations especially in eastern Denmark but since 
then there has been no information on the levels in cattle fodder. The 
State experimental arms at Askov and Ledreborg provided us with old 
samples of dried beet material (roots and tops) covering the period since 
1963. Tables 8.6.1 and 8.«. 2 show the results of the MSr and ' 3 7Cs 
determinations. 
In appendix E we have estimated the data from the years where there 
are no samples. The VAR-3 ' method is used for the estimation where 
cabbage and kale, potatoes and carrots are used for leaves and roots 
respectively. 
Table » .6 .1 
Strontiua-90 in bests and beets leaves in 1963-1972 
Years Species 
Beet leeves 
1963 
Beet 
Beet leaves 
Beet 
l>f* 
Swede leaves 
Swede 
Beet leaves 
Beet 
19SS 
Swede leaves 
Swede 
Beet leaves 
1966 Best 
Swede 
1K( (eat 
1970 Beat 
1972 Beet 
Studsgård 
pCi/g dry 
1.11 
0,33 
0.91 
0.29 
s.u. 
I l l 
19 
60 
122 
Askov 
pCi/g dry 
1.66 
0.*8 
0.9« 
0.32 
1.37 
0.35 
0.99 
0.149 
0.6« 
0.9« 
0.6« 
0.4710.15 
S.U. 
162 
193 
7* 
93 
98 
S3 
66 
196 
11« 
93 
51 
16011« 
Ledreborg 
pCl/g dry S.U. 
96 
»7 
«« 
M 
^•MSHHIII I ITJfiiw m i 
GMsi tm-13? i n b M t * wttJ b w t a I H V I C i n 1963-1 »73 
teers 
1963 
19«» 
1965 
1966 
1968 
1970 
1972 
S p e c i e s 
Beat l e a v e s 
BMt 
Be«t l e a v e s 
teet 
Sinde l e e v e s 
Swede 
Beet l e e v e a 
tact 
Swede leaves 
Swede 
Beet l e a v e s 
Beet 
Swede 
Beet 
Beet 
Beet 
S t a d s e t * * 
eCi /g . dry 
0 .»2 
0 .13 B 
0 .2« 
0.211 A 
H.U. 
20 
7 B 
7 
IS A 
Aefcev 
• C l / g dry 
2 . 9 9 
o.nt 
1 .32 
0 . 1 9 A 
1 .15 
0 . 3 0 
0 . 7 5 
0 
0 . 5 2 
0 . 2 3 A 
0 . 2 6 A 
0 .031O.03B 
H.U. 
«» 
11 
39 
• A 
S7 
1 9 
13 
0 
37 
10 A 
7 A 
1 .511 ,SB 
Ledreborg 
p C i / g d r y H.l l . 
1 . 1 A 
0 .7 B 
0 
9. CONCLUSION 
S. 1, Hisø Environmental Monitoring 
No radioactive contamination of the environment originating from the 
operation of the research establishment was ascertained outside Risø in 
I »74. As in previous years, the variations in contamination level were 
independent of the distance of the sampling locations from Risø. 
9,2,' Nuclear-Weapon Debris in Air. Precipitation, Soil. Ground Water. 
and Surface Water 
90 The mean content of 8r in air collected In 1874 was 0.08(4 pCi 
*°Sr/m3, i. e. 3.6 times the 1973 level. The average fall-out at the State 
SO 2 
experimental larms in i 974 waa 0.71 mCi Sr/km or 3.7 times the 1973 
90 90 
figure, and the mean concentration of Sr in rain water waa 0.98 pCi Sr/1. 
By the end of 1974 the accumulated fall-out down to a depth of 50 cm 
90 2 137 
was appro«. 56 mCi Sr/km . The corresponding Cs waa measured at 
94 roCi/km2. 
In agreement with the greater precipitation in that part of the country, 
fall-out levels in Jutland were 15-25% higher than levels found in eastern 
Denmark. 
90 90 
The median level of Sr in Danish ground water was 0.006 pCi Sr/1. 
9. 3. Strontium-90 and Caesium-1 37 in the Human Diet 
90 The mean level of Sr in Danish milk was 4.5 S. U., and the mean 
137 1 37 
content of Cs was appro*. 7.3 pCi Cs/1. 90 The 1974 Sr levels were nearly equal to the levels found in milk 137 produced in 1973, while the Cs levels had increased a little. 
90 The Sr mean content in grain from the 1974 harvest was 33 pCi 
9 0 Sr/kg. The ' 3 7 C s mean conten* in grain was 37 pCi ' 3 7Cs/kg. The 9 0 Sr 
level in grain from the I 974 harvest was 1.3 times the level found in the 
137 
1973 harvest, and Cs was 3.7 times the 1973 level. 
90 137 
The mean contents of Sr and Cs in Danish vegetables collected in 
1974 were 10 pCi M S r / k g (28 S. U.) and 1.9 pCi ' 3 7 Cs/kg respectively, and 
90 f 37 
in fruits 3 .0 pCi Sr/kg and 4.7 pCi Cs/kg; potatoes contained 3.2 pCi 
9 0 Sr/kg and 6 p a ' 3 7 Cs/kg. 
90 137 
The mean levels of Sr and Cs in total-diet samples collected in 
1974 were 7.1 S .U. , or 12.0 pCi '"sr/day and 19 pCi , 3 7 Cs/day respect-90 ively. From analyses of the individual diet components, the Sr level in 137 the Danish average diet was estimated to be 5.7 S. U. and the Cs intake 
to be 15 pCi ' 3 7Cs/day. The *°Sr and ' 3 7 C s levels in the Danish total diet 
consumed in 1974 were nearly equal to the 1973 levels. 90 Grain products contributed 31 % and milk products 35% to the total Sr 
1 37 
intake; 28% of the Cs in the diet originated from meat, 18% from grain 
products, and 22% from milk products. 
00 137 
Both Sr and Cs diet levels were on the average significantly 
higher in Jutland than in eastern Denmark. 
9 .4 , Strontium-90 and Caesium-137 in Humans 
BO 
The Sr mean content in human bone (vertebrae) collected in 1974 was 
1.3 8, V, in new-born children, 1.8 S. V. in infants, I . 4 S . U , in children 
and teenagers, 1.3 8, U. in adults (20-29 years old), and 1.5 S. V. in adults 
100 
of more than 29 years. The 1974 bone levels were generally a little lower 
then the 1973 levels. 
The mean content of C* in the human body in 1974 was estimated 
trom whole-body countings to be 1.3 nCi (10 pCi , 3 7 Cs/g K), i .e. » little 
level- than the 1973 level. 
h 5. Strontium-90 in Sea Water 
On 
The mean content of Sr in inner Danish surface waters was appro*. 
0.63 pCi MSr/l in 1974, i. e. lagner than the levels in previous years. The 
137 
C s levels in Danish waters are also increasing due to the inflow of 
contaminated water from toe Worth Sea. 
8.6. The '»-Background 
The average Y-background measured with a Nal crystal at the State 
experimental farms in 1974 was 5.4 nR/h. 
9. 7. Summary 
The Chinese thermonuclear atmospheric tests on June 27, 1973, were 
responsible for the 3-4 times greater fall-out rate in 1974 as compared 
with 1973. All levels that mainly depend upon the activity in the atmos-
phere have consequently shown a marked increase in 1974. 
The concentrations of long-lived fall-out nuclides in ground-level air 
and precipitation collected in 1974 were 3. S times the levels found in f 973. 
137 in milk produced in 1 974 the Cs levels were 1.2 times higher than 
137 the l 973 levels. In grain from 1973 the Cs levels were 3.7 times those 
found ia 1 973 
The '"sr 
nearly unchanged at compared with the 1973 levels. 
Thi 
in ) 673, 
SB« 
level* due to pollution from reprocessing plants in the (IK and in France, 
^S and ' 37C» levels in the total diet consumed in 1974 were 
i i 
90 e Sr concentration* in human bone were a little lower in 1974 than 
sea water in inner Danish waters showed increasing M8r and 37C* 
Ml 
Calcwatad Fall-out in th« Eight Zones in 197* 
ZOM 
I : « . J u t l a n d 
I I I E . Jutland* 
I I I c H. J a u n t ) 
I » ; S . J u t l a n d 
V: f t a a n 
T I E Zaaland. 
\rili Loii«na-r«i»t»r 
V I I I : Bornholn 
A r a a - a a i c h t a d aaan 
p r e c i p i t a t i e n 
i n 197« 
M l 
U S 
6»3 
72« 
aCi " s r / k e 1 
In IS7» 
0 . 7 3 
0 . 6 1 7 
0 .630 
0 . 7 1 0 
a c e u a u i a t a d 
aCi " S r / l r a ? 
ay tt t t and a t 
1»7» (tJ-SO e a ) 
6 1 
*• 
»5 
57 
Tnc aaøttnta o f p r e c i p i t a t i o n were o b t a i n e d f r o a r « f . S , and f r o * n . l 
ami » . ! . 
APftHDIK B 
S t a f i n i c A l information 
It 
U : 
III : 
IVl 
VI 
VI1 
»Hi 
VIII: 
Total 
ZOfM 
R. Jutland 
E, Jutland 
W. Jutland 
s . Jutland 
fanen 
Zealand 
Lolland-ralitar 
lornliola 
" 1,2*9,099 aaø*l« aw« 
A M . U 
IS) 1971 
• ,171 
7 , i e i 
12,10% 
»,929 
M M 
7 , « » 
1 . 1 « 
»9,099 
l i r t a f i n 
Papulation 
in tlwuaatHla 
I t ) 1171 
»17 
M l 
» 1 
219 
«9* 
9 , l»n" 
121 
*,»!» 
annual n i l « 
nfoduetion 
in aaaa-ka: 
M l 1971 
111 
1,11) 
92t 
»72 
m 
191 
99 
11 
»,192 
vfodnetim 
in MM-k* 
11) Ifft 
1*1 
M l 
SH 
•%m*Ml *T» 
WOdaWtiOiB 
In Man-kg 
1 « I f « 
255 
71 
22« 
annual potato 
production 
in onea-k| 
1»> 1972 
009 
too 
709 
Of Zealand. 
vefeteM«. 
a n a in Xa2 
1 « 1972 
1» 
79 
97 
APPENDIX C 
We have revised our prediction models for diet components and total 
Uiet. For milk we used our data'' from 1962-74, lor grain: 19S9-74 ( TCs: 
1942-74), and for total diet: 1961 -74. The terms in the models were similar 
•t* those used in previous years (cf. Risø Report No. 305, Appendix C '), 
90 
•wt for Sr we divided the term for accumulated fall-out (A.) into two terms, 
one with an effective half-life of Sr of 5 years and one with a 28-year 
half-life. 
This has in general improved the models. In a few cases, however, one 
of the two A, terms became negative. The model was then altered to one 
Aj term and tested for half-lives of 5, 10, 15, 20, 25 and 28 years. We 
then chose the half-life giving the best fit. 
In Appendix O values are shown for the fall-out rates (d\) and the 
accumulated fall-out (A,) used in our calculations of prediction models. 
In tables C1 and C 2 we have also calculated the infinite exposure 
integral (IEI) for the diet components and the total diet. IEI is equal to the 
equilibrium level in the diet for a constant annual fall-out rate of 1 mCi 
"sr/km2 . or to the UNSCEAR2'' tra i ler coefficient P „ . In the case of 
137 90 
Cs the prediction models are given for d, and A, values of Sr as 
also the IEI values. 
It is remarkable that,with the exception of Sr in total dlet.Jutland in 
all cases shows higher IEI values than the Islands. The reason why the 
(ot«l diet differs from the general pattern is probably due to a transfer of 
footle (e. g. milk) from Jutland to the Islands in recent years. This has 
made the total diet levels in the Islands decrease more slowly than the 
levels in Jutland. This again has resulted in an overestimatton of the 
o efficients for the Aj terms in the prediction model for the Islands. 
Tabla C 1 
A comparison between observed and predicted Sr l e v e l s 
in the human food chein in Danawrk in 197tt 
. sample and area 
I f U k f*om J u t l a n d 
N t l k tram t h e I s l a n d * 
RV« from J u t l a n d 
Ry« f r o « t h e I s l a n d s 
B a r l e y f r o « J u t l a n d 
B a r l e y from t h e I s l a n d s 
Wheat from J u t l a n d 
Wheet f r o * t h e la land& 
O a t s from J u t l a n d 
Oata from t h e I s l a n d s 
T o t a l d i e t f r o n J u t l a n d 
T o t a l d i e t f rom t h e I s l a n d s 
Observed 
5 . 5 
3 . 3 
119 
ES 
86 
39 
99 
S3 
61 
33 
8 . 7 
6 . 1 
P r e d i c t e d 
S . » 
3 . « 
91 
56 
77 
37 
103 
57 
72 
35 
6 . 7 
5 . 1 
E q u a t i o n u s e d f o r t h e p r e d i c t i o n 
S . U j = l .OO d j t O . 7 3 d j _ j H I . 2 2 * 1 _ 2 ( 5 ) 
S .Uj • 0 . 7 5 d j « 0 . $ 6 d j . j t o . 1 2 A j . 3 ( s ) » 0 . 0 1 9 A J _ J ( J 8 ) 
S . U j = 222 d j t o . 1 8 A . _ H 5 ) t 0 . e l * i - l ( 2 8 > 
S .Uj . 170 d j - 0 . 5 9 A W ( 7 | ) 
S.Uj . 16« d j . 1 . 9 0 A j _ j . 5 j t O . l O A J . J , , , , 
S .Uj = 9« d j . 0 . 8 3 A J . J , , , . . . « A j . 1 ( j g ) 
S .Uj - 161 d j i l . S S A j . l t s ) t 0 . 6 0 A J . K , , , 
S .Uj • 138 d j t o . 3 3 A j . 1 ( 1 . . * 0 . 8 2 A J . J , , , , 
S . U j * 7 3 . 5 d . t 0 . 9 3 A j _ 1 ( , 8 , 
S .Uj -- S 9 . 0 d j t O . S I A . . . , , , , 
S .Uj = 0 . 7 9 d j t l . 6 1 d j . j t o . 1 0 A j . , , . , « . « ! A j . . ( . „ 
S .Uj = 0 .7S d j . 1 . 5 8 d j . j t O . O J Z A j . j ^ j t O . O S S A J . J J , . , 
i . r . i . 
( 3 . 3 ) 
( 3 . 0 ) 
<65> 
( 5 7 ) 
( 1 5 ) 
( 3 0 ) 
( 6 3 ) 
( 5 0 ) 
( 5 0 ) 
( 3 7 ) 
( 5 . 6 ) 
( 6 . 1 ) 
A conpartson between observed and predicted Ca levels 
ii\ the human food chain in Denmark in 1974 
Sample and ar*a 
Milk fro« Jutland 
Si lk from th« Islands 
Rye fro« Jutland 
fty« from th« Islands 
•arlay fro* Jutland 
Ra*l«y from th* Island* 
Wheat front Jutland 
Wh*at fro« th« Island« 
Oats f » a Jutland 
Out* fra* the Island« 
Total dl«t from Jutland 
Total dint t i o a *h* Islands 
Ohs«rv«d 
5.7 
2.7 
6* 
31 
33 
2« 
38 
27 
• 3 
33 
5.S 
3.3 
Predicted 
6.3 
3.0 
61 
1*7 
fi7 
33 
«3 
2? 
3t 
29 
1.0 
3.1 
Equation used for th« prediction 
H.Uj » H.35 d ^ l . 5 6 d 4 , 1»0.23 dj.jtO.OHO A j . j ^ p , 
M.Ut • 2.5« djH.58 dj . j t0 .023 *im1t39) 
pet 1 3 ' c k,"1 , m d j , ^ . ^ , , 
pci l " c . k,-1 . m « j m i l y W t a f j ) 
> « ' " c . kg"1 . » i d i ( n i v . A u I > ) 
nci * " c . k.-1 . 72 d l ( M i y . A u t - ) 
pCi » ' c kg'1 . . 3 d 1 ( | t a y . A u i - , 
pCi " ' c . k , - ' . 7. d l ( N w . A u ¥ , 
H.Uj . 3.79 d j t l . JS ( ^ . j ' a j . j ) 
N.Uj . »,<» d j . l . » » <«i.1 ,<il_2> 
IE1 
(7 .9 ) 
(5 .1) 
33 
31 
25 
21 
2« 
1« 
21 
20 
(7 .0 ) 
(6.5) 
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di: Annual fall-out rate in mCi Sr km y . 
A i , , . : Accumulated fall-out by the end of the year ( i ) 
*
 3
 ' an 
assuming an effective half l i fe of Sr of 5 y. 
Unit: nCi 90Sr km-2. 
A i . , , , a Ai,27 7) ' Accumulated fall-out by the end of the year ( i ) 
assuming effective hal f l ives of Sr of IS y 
and 27.7 y respectively. 
Unit: mCi ""Sr km . 
di(Hay-Aug.) * d i(July-Aug.) ! T , , e f a l l ~ ° u t M t e s i n t n e periods: 
May-Aug. and July-Aug. respectively. 
Unit: ntCi Sr km ' period x . 
The fal l -out rate (di) was based on the Danish country wide co l -
lected precipitation data for the period 1962-71 (cf. table 1.11 ) . 
Before 1962 the levels in the tables have been estimated from the 
HASL data for New York (HASL Appendix 291, 1975) considering that 
art 
the mean ratio between Sr fal 
been 0.7 in the period 1962-71. 
T n e di(Hav-Au«. ) a n d di(Julv-Au« ) v a l u e s w e r e a l s o obtained from 
table 1.1.1** for the period 1962-71. For the years 1959-61 the 
values were calculated from data obtained from Sr analysis on air 
(19S9) and precipitation samples (1962 a El) col lected at Ris* (cf. 
R«f. 17) and before 1959 the values were estimated from the corre-
sponding di values assuming that the rat ios d i /H a v _* u - i / d i a n d 
d l(Julv-Aui ) / d i w n constant in time and equal to the means found 
for the period 1962-71 which were 0.51 (1 S.D.:0.09) and 0.21 
(1 S.D.:0.05> respectively. 
" - • ' 
v'-' 
Vi 
. M 
:'.il 
• " • » 
,.»» 
* 
u 
..t* 
, 5f 
*» 
u 
• 
u 
" »1 
•• 
i-« 
. ? •« 
'^
W 
: :7»-
£"XV 
• ; ' n 
f;ti 
\ 1% 
a 
o . a i l 
1-131 
i . i a 
o,too 
1. H l 
? . i » l 
3 . ' i l l 
i - i a i 
» ,3»2 
5 .102 
1 .110 
1 . M 1 
7 .«2I 
i t . t t s 
10 ."12 
3 . i n 
2 ,1*5 
; , H I 
1 , > H 
i . o J S 
:,«» 
l . i « 
» . « M 
o . H S 
0 . H 0 
Denmark 
A i ( S ) 
0 . OU 
0 .106 
0 .263 
C. 661 
2 .133 
» . 1 2 1 
6 .287 
3 .173 
I O . S S O 
m . 7 t s 
13.8U7 
1 3 . I H 
IS.OSS 
30.274 
35,»21 
3S.277 
1 1 . ' 0 7 
28.51« 
: 6 . 0 » » 
23.57« 
71 .95« 
20 .»25 
13.1511 
1 5 . »76 
10 .526 
A i < 1 5 > 
0 .020 
0 .116 
0 . 2 9 9 
0 .763 
7.5«"« 
» .817 
7 .560 
10 .180 
13.S2S 
19 .030 
19 .259 
19 .933 
2 6 . 0 0 1 
»0 .768 
» 8 . 8 6 9 
6 0 . »37 
50 .207 
»B.9»0 
» 8 . 0 6 9 
» 6 . 8 8 7 
»6 .312 
» 5 . 6 9 8 
»«.O»0 
»2 .235 
» 1 . 0 0 6 
A i < 2 7 . 7 > 
0 . 0 2 0 
0 .116 
0 . 3 0 9 
0 . 7 9 9 
7 . 6 2 3 
» . 9 9 7 
7 .898 
10 .728 
1».6S8 
20 .2»7 
2 0 . 8 5 9 
21 .787 
2S .»93 
» » . 0 7 1 
5 3 . 1 3 6 
5 5 . 6 7 9 
5 6 . 3 9 5 
5 6 . 0 2 3 
56 .006 
5 5 , 8 3 2 
5 5 . 8 6 3 
5 5 . 9 5 1 
5 « . 9 9 3 
5 3 . 8 2 1 
5 3 . 1 8 3 
IOC 
di 
0 .022 
0.11« 
0.22« 
0 ,566 
2 .152 
2 .831 
3 .510 
3 .510 
» . 8 6 9 
6 .908 
1 .291 
1 .676 
7 .976 
18 .»53 
11 .685 
» .20» 
2 .166 
1 .176 
1 .568 
1 .1*1 
1 ,993 
1 .726 
0 .»57 
0 .215 
0 .779 
Ta l l 
J u t l a n d 
" ( 5 ) 
0 . 0 1 9 
0 .116 
0 .296 
0 ,751 
2 . 5 2 6 
» ,66» 
7 .116 
9 .251 
12 .292 
16 .715 
15 .675 
15 .105 
20 .093 
33 .556 
39.38» 
37 .9«6 
3« .919 
3 1 . » 2 ? 
2» .720 
2 6 . 0 8 3 
2» .«»2 
22 .780 
2 0 . 1 2 9 
1 1 . 6 * 9 
1 7 . 6 9 7 
' S l S l 
0 .021 
0 . 1 7 9 
0 . 3 3 7 
0 . 8 6 7 
7 .678 
5 . » 5 1 
8 . 5 5 7 
1 1 . 5 2 2 
1 5 . 6 5 1 
2 1 . 5 » 0 
2 1 . 8 0 0 
2 2 . » 1 6 
2 9 . 0 1 9 
» 5 . 3 2 9 
S « . » 3 9 
5 5 . 9 9 « 
5 5 . 5 3 * 
5 » . 1 » 9 
5 3 . 2 0 1 
5 1 . 9 6 3 
5 1 . 6 3 9 
5 0 . 8 6 0 
»».OOO 
» 6 . 9 9 3 
» 5 . 6 1 6 
-out r a t e s 
A i ( 2 7 . 7 > 
0 .021 
0 .132 
0 . 3 » 7 
0 . 1 9 1 
2 .967 
S .655 
8 . 9 3 9 
1 2 . 1 » 2 
1 6 . 5 9 1 
2 2 . 9 1 8 
2 3 . 6 1 0 
2 « . 6 6 1 
3 1 . 6 3 0 
» 9 . 0 0 1 
S9..22S 
6 1 . 8 6 1 
62 .»»S 
6 2 . 0 * 8 
6 2 . 0 * 5 
6 1 . 7 2 1 
62.1*1) 
6 2 . 2 1 1 
6 1 . 1 9 * 
«».m 
5 9 . 1 7 1 
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and accumulated 
d i 
0 . 0 2 0 
0 .098 
0 .172 
0 , * 3 * 
1 .650 
2 . 1 7 1 
2 . 6 9 2 
2 . 6 9 2 
3 .73« 
5 .297 
0 . 9 9 0 
1 .265 
6 . 6 1 0 
1* .937 
9 . 1 3 9 
3 . 7 0 * 
7 . 1 2 * 
0 .916 
1 .237 
0 . 1 2 9 
1 .301 
1 .286 
0 . » 1 3 
0 .166 
0 . 6 * 3 
f* i ; - . i_ -
I s l a n d s 
A i ( 5 > 
C.017 
0 . 0 9 2 
0 .230 
0 .5TI 
1 .939 
3 .579 
5 .*58 
7 .095 
9 .»27 
1 2 . 8 1 7 
1 2 . 0 2 0 
1 1 . 5 8 3 
1 6 . 0 7 3 
26 .996 
31 .»57 
3 0 . 6 0 9 
28 .»95 
25 .606 
2 3 . 3 6 1 
2 1 . 0 6 5 
1 9 . » 7 1 
1 9 . 0 7 0 
l t . O M 
l t . 1 1 3 
1 2 . 1 1 1 
A i<15> 
0.C19 
o . i c : 
o . ; s ; 
0.668 
2.210 
».183 
6 . So« 
8 . 8 5 ! 
12.00« 
1 6 . 5 1 ; 
16.718 
17.190 
22.983 
36.208 
»3.299 
»«.8S3 
*«.8S1 
»3.731 
»2.938 
»1.791 
*1.1»6 
»0.515 
39.086 
37.»76 
36.398 
1 
,:i " s r / k V ) i n Remark 
'
;!27.7» 
9,020 
1.105 
S. 270 
9.607 
2.279 
» .3*0 
6.851 
9.313 
.2 .725 
•.7.576 
18.107 
18.913 
15.155 
: s . l o i 
-7.0»0 
»9.*77 
SS.3*9 
•J.907 
•».968 
•9.5*2 
•9.586 
•9.615 
<l .7»2 
•7.7S0 
»7.197 
1960-197« 
Denaark 
•"'[Hjy-Aug.) 
0.07 
0 .05 
0 . 1 1 
0 .27 
1 .03 
1 .35 
1 .07 
1 . 6 7 
2 .32 
2 . 5 0 
0 . » 7 
0 .66 
» . 2 2 3 
9 .9*5 
6 .295 
2 . 0 2 9 
1 .0*9 
0 .387 
0 .1*1 
0 . ( 1 * 
0 . 9 0 6 
0 .992 
0 .253 
0.076 
0,»21 
d i U u l y - A u i . > 
0 . 0 1 
0 . 0 2 
0 . 0 5 
0 .12 
0 .*6 
0 . 6 0 
0 . 7 * 
0 .7« 
1 . 0 3 
0 .69 
0 . 3 1 
0 . » 7 
1 .057 
6 . ( 2 9 
7 . 5 6 ) 
O.OSO 
O.tlO 
0 . 1 * 1 
0 . » 2 6 
0 .276 
0 .6*7 
0 .*05 
0 . 0 8 * 
0 . 0 3 3 
0 . 1 9 0 
101 
J u t l a n d 
"^Crtay-Aug.> 
0 . 0 1 
0 . 0 6 
0 .12 
0 . 3 1 
1 .16 
1 . 5 3 
1 .90 
1 .90 
2 . 6 3 
2 . 7 6 
0 . 8 2 
0 . 7 3 
» . 5 6 6 
1 0 . 7 5 3 
7 . 1 7 0 
2 . OH 
0 ,98« 
0 . 3 8 0 
0 . 9 1 0 
0 . 7 2 3 
1 .070 
1 . 1 5 * 
0 . 2 6 2 
0 . 0 9 1 
0 . « 6 3 
d i ( J u l y - A u g . ) 
0 . 0 1 
0 . 0 3 
0 .05 
0 .1» 
0 .52 
0 .68 
0 . 8 « 
0 . 8 » 
1 .17 
0 .75 
0 .3« 
0 .52 
2 . 0 5 2 
5 .932 
2 . 9 1 0 
0 . 6 5 2 
0 . » 9 6 
0 . 1 3 « 
0 . « 6 « 
0 . 3 1 9 
0 . 6 3 2 
0 . 5 1 6 
0 . 0 6 * 
0 . 0 3 9 
0 . 2 1 9 
I s l a n d s 
d i f H a y - A u g . ) 
0 . 0 1 
0 . 0 5 
0 . 0 9 
0 . 2 3 
0 .89 
1 .17 
l . * 5 
l . « 5 
2 . 0 2 
2 .2« 
0 .»2 
0 . 5 9 
3 . 8 8 0 
9 .177 
5 .299 
1.96» 
l . l l t 
0 .35» 
0 . 7 9 6 
0 .505 
0 .7*0 
0 . 8 3 0 
0 .2*» 
0 .057 
0 . 3 7 1 
a i ( J j l y - A u » . ) 
0 .01 
0 .07 
0 .0» 
0 . 1 0 
O.»0 
0 .52 
0 .65 
0.6S 
O.90 
0 .61 
0 .28 
0.»2 
1 .662 
5 .327 
2 .226 
0 . 8 « t 
0 .3«0 
0 .1*8 
0 . 3 9 2 
0 .233 
0 .»62 
0 . 2 9 « 
0 .08« 
0 , 0 2 7 
0 . 1 6 2 
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Estimates pf Sr and Cs Level« in Beets and Swede« Grown in Denmark 
wnc« 1959 
The aim is to estimate the pCi Sr/g Ca and pCi ' Cs/g K levels in 
beats and swedes, which are important constituents of cattle fodder in Den-
on 137 
mark and consequently influence tbe Sr and Cs concentrations in ailk. 
As shown in 8. 8, the number of measured results of beat and 
samples is rather sparse. However, by means of the VAR-3 ' 
»re able to estimate the missing figures. The VAR-3 method implies that 
saovas are carried out on the observed beet and swede data along with data 
en morphologically and agriculturally related samples. In the case of 
leaves, we thus supplemented the beet and swede data with data on cabbage 
and kale, and for the roots we used potatoes and carrots as a supplement. 
Under the assumption that all interactions could be neglected, i. e. the 
ratios between the various species are constant in time for a given location, 
nuclide and plant part, the VAR-3 calculates the missing figures. 
Tables E.I and E.2 show the estimated figures and tables E.3 - E.C 
the anova. It appears that the assumption of no significant iateractiona is 
fulfilled in the case of S.U. in roots and probably also for hf. U. in leaves. 
For S. U. in leaves tbe interaction between species and years is probably 
significant, but this significance is neglected as it is not vary pronounced. 
In the case of M.U. in roots we cannot test the possible significance of the 
Isteraction, and thus, in accordance with the otter anova, assume no 
significant interaction. 
In tables E. 1 and E. 2 the observed values are shown in brackets. 
Although the differences between the calculated and observed vahws are 
conspicuous in some eases, the correlation coefficients for 8.0. and M.V. 
in roots, as well as in leaves, were all significant. 
10» 
*«-3 «Btia*t«d ?CI ™Sr/» C* ! • * • ! * in bwts OM >; 
Cebscvw4 Itwls (cf. i . i nd Kis« ssport to. le?1') ars 
:*^ S»S» IM9-7* 
show, in brackets) 
Tsar 
19S9 
T* 
ftttti 
Laavsi 
Jutland 
Si 
138 <IS2> 
» C7*> 
n <SG> 
6» {SS) 
( 2 
«? 
*» 
T I 
t t 
H 
SS 
u 
Isla*4S 
37 
»S (1301 
et 
s« 
sa 
*s 
4« 
is 
SJ 
k t 
•S 
M 
*» 
Koots 
Jutland 
S* 
•1 
»2 
10S 
IS« 1193) 
U * (93) 
1*2 Q M > 
IS* (1221 
• 9 
»3 
1*7 
1*7 
1SS 
t * 
1 3 1 
79 
Island* 
31 
*» 
SS 
63 
93 ( 1 2 0 ) 
I * 
•S 
93 
S3 
SS ( S S ) 
M 
I I ( 1 7 ) 
» 
57 ( » • > 
* J 
* T 
Cerralatie* CMffielaata tr> bstwws, M M m d and « 
pC* **S»/g Ca bi tomit r • « . • * «» > t f t ) 
pCI W * r / g C« in rast«: r • Ø.T1 <P > ) « ) 
Sasdas 
l a a v a s 
J u t l a n d 
( 2 
1 S I 
109 e t a t 
$3 (112> 
• 3 
75 
12 
S* 
17 
H 
7« 
i * 
197 
I s l a n d s 
»S 
n s n?»> 
• 9 
1« 
81 
SS 
»0 
* 3 
S3 
S» 
S* 
* 7 
7 | 
l l c u l a t ø t wa luas : 
Roots 
JuClHHt 
* 2 
S* 
S I 
6 9 
103 
»2 ( S 3 ) 
9* ( 7 6 ) 
162 ( 1 5 3 ) 
£9 
• 2 
H 
97 
19 
S3 
97 
11 
I s t a n d s 
2S 
32 
3« 
»2 
s: (»o) 
SS 
se 
si 
35 
37 
S9 
S I 
S* 
3« 
SS 
31 
no 
Tab la K.3 
•(AS-? e s t i s i a t e d pd ^s / f t * l e v e l s in b e e t s an J s w f t e s , 1*1!. 3-7*. 
(oi,'S»»rve.i l e v e l s lc£. 8.S>> a r e shown in b r a c k e t s ) 
i»63 
6i* 
65 
66 
57 
68 
69 
70 
71 
7? 
73 
7U 
S e e r s 
Leave s 
6 » . 9 ( 8 9 ) 
28.S ( 3 9 ) 
17 .7 <13) 
9.1 <7> 
«..B 
to. e 
9.e 
>*.2 
5.6 
t . 9 
3 . J 
2 .5 
? o o t s 
6.88 ( 171 
3 . 5 1 ( 6 1 
0 .^1 ( 0 1 
1 .35 ( 1 5 ) 
3 .31 
5 .»0 ( 1 . 1 ) 
0 . 5 5 ( 0 . 7 ) 
0 . 2 3 
O.OS (O) 
0 . 1 6 
0 . 1 1 
Sweces 
Leaves 
12ft.0 
51 .2 ( 5 ! ) 
31 .« ( 2 9 ) 
1 6 . 1 
6 .7 
1 9 . 5 
1 7 . 7 
7 .6 
1 0 . 1 
!!.» 
6 . 0 
k . 6 
Root s 
30.w 
1 7 . 6 ( 1 9 ) 
2 . 1 ( 9 ) 
6 .7 ( 1 . 5 ) 
1.5 
1.1 
7 .2 
2 .« 
1.1 
0 . 3 
0 .9 
0 .5 
C o r r e l a t i o n c o e f f i c i e n t s < r ) be tween o b s e r v e d and 
c a l c u l a t e d v a l u e s : 
pCi 1 3 7 C s / g K in l e a v e r : r ' 0 .96 ( P > 99%) 
pCi l 3 7 C s / g K i n r o o t s : r = 0 .67 ( P > 95%) 
Table E . 3 
Anova o f S. 'J . i n " r o o t s * 1959-7* i n J u t l a n d and t h e I s l a n d s 
( p o t a t o t c a r r o t , beat and awcde) 
E f f e c t 
Main 
I n t e r a c t i o n 
m 
Source o f v a r i a t i o n 
year« ( y ) 
S p e c i e s (s> 
Country Part ( e ) 
y x s 
s x e 
, X c 
y x a x c 
SSD 
» . 2 m 
2.636 
1 .179 
2 .666 
0 .200 
0 .»99 
0 .768 
I 
IS 
3 
1 
20 
2 
IS 
10 
.* 
0 .216 
0 .179 
• . 1 7 9 
0 .131 
0 .100 
0 .033 
0 .076 
»* 
3 . 1 6 
9 .71 
W . 1 7 
1 . 7 5 
1 .31 
o.w 
0 .25 
r 
9 9 . 9 
9 9 . 9 9 
1 0 0 . 0 0 
I l l 
"able £.'• 
Anov* of S.U. in "leaves" 1959-7* in Jutland an-i the Islands 
(cabbage, kale, beet and suede) 
E f f e c t 
Hain 
I n t e r a c t i o n 
Source of v a r i a t i o n 
t u n ( y ) 
S p e c i e s ( s ) 
Coun t ry P e r t Cc> 
y x a 
a x e 
y x c 
y x • x c 
SSD 
J . 81« 
U.731 
0 .937 
l . » 6 7 
0 . 1 0 1 
0 .283 
0 .116 
f 
12 
3 
1 
11 
1 
11 
5 
s'' 
0.23« 
1.577 
0 .937 
0 .133 
0 .001 
0 .026 
0 .023 
v 2 
1.76 
11 .92 
3 9 . 8 0 
5 .76 
0 .36 
1 .11 
0 .17 
P 
99 .9 
99 .99 
9« .7 
Table C«S 
Anova of H.'J. in "roots" 1963-?1* in Denmark 
(potato, carrot, beet and swede) 
E f f e c t 
Ra in 
I n t e r a c t i o n 
Source of v a r i a t i o n 
Year ( y ) 
S p e c i e s ( s ) 
y x s 
SSD 
4 4 . 9 1 
11 .22 
37 .12 
f 
11 
3 
11 
a 2 
•4.08 
3.7« 
3 .37 
v 2 
1.21 
1.11 
-
P 
-
-
Table E.6 
Anova of N.V. in "leave«" 1963-7« in Densark 
(cabbage, kale, beet and swede) 
Effect 
Kain 
Interaction 
Source of var ia t ion 
Year Cy> 
Spacies ( • ) 
r » i 
SSD 
20 .3« 
».»2 
l . t l 
f 
11 
3 
1 
•' 
L I S 
1. »7 
0 . 1 1 
v2 
1 0 . 3 * 
1 6 . 0 8 
-
P 
9 9 . 9 
9 9 . 9 
-
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